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A B STR A C T
Wetlands are some o f  the most diverse and ecologically important habitats in the world. 
Although wetlands have been plagued by anthropogenic destruction and disturbance, there is a 
general lack o f knowledge regarding how fragmentation affects these systems. During the 
summer of 2004 and the spring and summer o f  2 0 0 5 ,1 investigated edge effects associated with 
anthropogenic fragmentation in 25 fringing marshes o f Lakes M ichigan and Huron. 
Environmental data, m icrocrustacean zooplankton, aquatic macroinvertebrates, and larval fish 
were collected along transects extending into each marsh from reference (natural) and 
anthropogenic (artificial) edges. Bulrush stems o f  Great Lakes fringing marshes attenuated the 
influx and m ixing o f wind-driven pelagic water. Thus aeration, turbidity, and organic extraction 
declined from edge to marsh interior. The accumulation o f organic m aterial toward the inner 
marsh from any type o f edge was associated with gradients o f  dissolved oxygen concentration, 
pH, and alkalinity. Invertebrate and larval fish communities responded to hydrologie mixing 
gradients associated with reference and anthropogenic edges. Overall, the invertebrate 
community exhibited positive spatial trends in total abundance, biomass, richness, and Shannon 
diversity from either edge type toward the inner marsh. The larval fish community also showed 
increasing gradients o f  total abundance, richness, and Shannon diversity inward from both edge 
types. Larval largemouth bass {Micropterus salmonoides), larval yellow perch {Perea 
flavescerts), and larval banded killifish {Fundulus diaphanous) were associated with protected, 
inner marsh habitat. Overall, more common carp {Cyprinus carpio) larvae were caught 
throughout the anthropogenic gradient zone than in the natural gradient zone. Thus,
VI
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anthropogenic edge creation may promote higher densities o f the invasive, habitat-destroying 
common carp in Great Lakes wetlands. Invertebrate and larval fish communities inhabiting 
anthropogenic edges and anthropogenic gradient zones that experienced relatively more wind- 
induced hydrologie mixing intensity were less like inner marsh communities. Therefore, marshes 
that are exposed to a higher level o f  wind-induced hydrologie energy are likely more susceptible 
to biological community change when an anthropogenic edge is created. As new edges are 
created within fringing marshes, anthropogenic gradient zones gain area at the expense o f inner 
marsh habitats. 1 observed that when a marsh fragm ent’s size falls below a minimum threshold, 
the relatively dense inner core area is replaced by anthropogenic gradient zones comprised o f 
thinly-spaced stems. The m arsh remnant can no longer maintain a significant chemical and 
physical contrast to the overwhelming influx o f pelagic water from the edges. Organic debris and 
submerged vegetation are consequently lost to pelagic extraction and long-shore currents.
W ithout the unique, complex habitat o f a protective inner core, a marsh remnant may cease to 
function as a viable refuge against hydrologie energy, large predators, and pelagic invaders, 
eventually losing all or most o f its inner marsh invertebrate and larval fish taxa. The lower total 
abundance, taxa richness, and diversity o f larval fish in small marshes suggests that spawning and 
nursery habitat o f relatively vulnerable marsh remnants may be inferior to the protective inner 
habitat associated with large marshes.
v ii
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CHAPTER I
IN T R O D U C TIO N
As habitat becomes fragmented, total edge will increase as w ill edge-to-area ratio. The 
greater environmental exposure and accelerated dynamics associated with edges can alter habitat 
structure, biomass, and microclimate along a gradient zone between the external environm ent and 
inner core o f a given habitat (M atlack 1994, Chen and Spies 1995, D idham  and Law ton 1999). 
This can exacerhate effects on disturbance-sensitive taxa and affect com m unity composition 
within the area o f edge influence (Figure 1).
%PHYSICAL 
FACTORS
►
{CHANGE IN HABITAT STRUCTURE 
•  $
INTERIOR
DEPTH OF INFLUENCE
EDGE-ADAPTED SPECIES 
COMMON COSMOPOLITAN SPECIES
INVASIVE SPECIES
Figure 1. Environmental factors such as wind at a forest edge modify the physical stmcture of 
the vegetation community and ambient physical/chemical conditions along a gradient toward 
the inner core of the habitat. At some distance inward from the edge, the cumulative amount of 
vegetation can be sufficient to attenuate all significant environmental effects associated with 
edge influence. Depth o f edge influence depends on the parameter of interest, edge aspect, 
local climate, forest type, and other factors. Animal and plant communities shift in composition 
along the environmental gradient between the edge and protected core o f the forest.
Edge effects have heen described for tropical forests (Laurance et al. 1998, Dale et al. 
2000), temperate old-growth forests (Chen and Spies 1992, Essen 1994, Jules 1998), temperate
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second-growth forests (Aizen and Feinsinger 1994, Jokimaki et al. 1998, M anolis et al. 2002), 
and other terrestrial habitats (M cKone et al. 2000, Diffendorfer et al. 1995, Pasitschniak and 
M essier 1995). A lthough this phenomenon has been occasionally examined in wetlands (Baldi 
1999, Hooftman et al. 2003, Lienert and Fischer 2003), few studies have focused on edge effects 
associated with coastal wetland fragmentation.
Fringing coastal marshes occur only in non-riverine embayments where relative 
protection from the destructive forces o f  wind and waves enable the establishment o f  unique 
vegetation communities with dynamic physical, chemical, and biological characteristics differing 
greatly from inland marshes (Keough et al. 1999, Burton et al. 2002). Fringing marshes o f the 
Laurentian Great Lakes have undergone extensive anthropogenic fragmentation, severe 
degradation, and extensive losses in the past two centuries (Krieger 1992, M aynard and W ilcox 
1996, Mitsch and Bouchard 1998).
The effects o f wetland fragmentation on invertebrate and larval fish communities likely 
cause repercussions throughout the entire Great Lakes ecosystem. A few researchers have shown 
that anthropogenic disturbance negatively impacts invertebrate communities (Krieger 1992, 
Burton et al. 1999, Uzarski et al. 2004), larval fish (Hook et al. 2001), and juvenile and adult fish 
(Jude and Pappas 1992, Brazner 1997, Uzarski et al. 2005) communities o f  Great Lakes coastal 
wetlands, but none have attempted to describe how wetland habitat fragmentation affects these 
organisms.
Zooplankton and aquatic macroinvertebrate communities are significant in food web 
energetics due to their relative abundances (W erner et al. 1996). A diverse array o f  invertebrate 
taxa benefit from the shallow water environment and complex vegetation stmcture o f Great Lakes 
fringing wetlands. These systems provide physical shelter from wind-induced hydrologie mixing 
energy (e.g., waves, seiches, longshore currents, storm surges), refuge from predation, and 
abundant food resources (Krieger 1992, Cardinale et al. 1998). Larval fish are important to
2
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fisheries recruitment (Houde 1987, Tanner et al. 2004) and many species utilize coastal wetlands 
for those same habitat-derived benefits (Gregory and Powles 1985, Stephenson 1990, Bryan and 
Scamechia 1992).
The purpose o f  this study was to explore impacts o f fragmentation on ambient 
chemical/physical factors and invertebrate and larval fish communities o f  Great Lakes fringing 
marshes.
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CHAPTER II
IN T ER A C TIO N  BE TW E EN  H Y D R O L O G IC  M IX IN G  EN ER G Y  
A N D  E N V IR O N M E N T A L  V A R IA B L E S
Methods
Study Locations and Time Frame
Agriculture dominates the land-use surrounding Saginaw Bay. Because o f  relatively high 
nutrient loading, waters o f  the bay are eutrophic (Hartig et al. 1993). Northern Lakes Huron and 
M ichigan are mesotrophic systems. Dominant land-use surrounding Grand Traverse Bay, the 
M ackinaw Straits, and the Les Cheneaux Islands is residential and recreational. Land cover 
outside o f the immediate lakeshore in the three latter regions is generally forested, supporting 
relatively high water quality (Burton et al. 1999, Jude and Papas 1992, Albert 2003, Uzarski et al. 
2004, 2005).
In 2004, six fringing bulrush {Schoenoplectus spp.) marshes were sampled during the 
period from mid-July to mid-August 2004. Two sites were located in Saginaw Bay, Lake Huron, 
two were located in the Les Cheneaux Islands area o f northern Lake Huron, one was located at 
the Lake Michigan end o f the M ackinaw Straits, and one was located in northeastern Lake 
M ichigan’s Grand Traverse Bay (Figure 2).
Nine Saginaw Bay fringing marsh sites were each sampled once from early-M ay 2005 to 
early-July 2005. Three Saginaw Bay marsh sites were sampled tw ice during that time-period, 
with sampling events separated by 2 to 4 weeks. The 2004 site on the western end o f  the 
M ackinaw Straits was sampled again in 2005, and three sites were located among the Les 
Cheneaux Islands in 2005 (Figure 2).
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Figure 2. Location o f marsh sites sampled for environmental parameters. Circle-shaped symbols indicate 
sites that were sampled in 2004 only. Diamond-shaped symbols represent sites that were sampled in 2004 
and 2005. Hollow and solid squares represent marshes that were sampled once and twice in 2005, 
respectively.
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Sampling Design
The sites represented replicates across a relatively large geographic region. W ithin each 
marsh, a pair o f  transects representing the reference and anthropogenic gradients were sampled 
concurrently (Figure 3). At each site, the outer end (A l)  o f the anthropogenic transect was 
positioned midway along the length o f  the fragment clearing. Running perpendicular to the 
anthropogenic edge, the anthropogenic transect proceeded toward the marsh interior (Figure 3). 
The reference transect entered the wetland from the natural outer edge o f the wetland (R l). In 
most cases, the pair o f  transects met at a shared corner point (IM), forming a right-angle within 
the marsh interior. The 2004 eastern Saginaw Bay m arsh site was an exception; the remnant o f  a 
small pier prohibited the nearby installation o f  a reference transect. In this case, the reference 
transect was actually located about 300 m from the anthropogenic transect, preventing a shared 
com er sampling point. The 2004 M ackinaw Straits site had a pair o f  transects arranged in the 
typical manner, but data were excluded from the com er point because o f partial loss during 
collection. In 2004, three to six points were spaced every 10-30 m along each transect, depending 
on the relative size o f  the wetland sampled. In 2005, spacing between sampling points along each 
transect was set at 10 m. The 2005 transect lengths were similarly sized within each pair and 
never exceeded 60 m.
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Figure 3. Typical sampling design within a marsh. Sampling points were located 10 m apart in 2005 and 
varied slightly in 2004. The reference transect proceeded from the reference edge (R l) toward the inner 
marsh (IM). The anthropogenic transect proceeded from the anthropogenic edge (A l) toward the inner 
marsh (IM). Each pair o f transects (except two from the 2004 dataset) shared a comer sampling point (IM).
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Sample Collection and  Processing
In 2004, marsh sizes were estim ated by calibrated pacing. Small fragments sampled in 
2005 were measured with a hand-held N ikon laser range-finder. Dimensions were plotted and 
areas calculated. Areas o f  larger fragments were calculated using Google Earth v3.0 
satellite/aerial imagery software. Effective fetch and exposure class were determined for each 
marsh site using methods described by Burton et a l  (2004). A calibrated Hydrolab DataSonde 4a 
multi-probe with Turner Designs SCUFA subm ersible duorom eter was used to measure {in situ) 
water temperature, turbidity, pH, dissolved oxygen, specific conductance, and chlorophyll a at 
each sampling point along every transect. W ater depth was measured with a m eter stick. One- 
liter acid-washed polyethylene bottles were used to collect water samples at each endpoint o f 
every transect (Figure 3: sampling points R l,  A l,  and IM). After removing suspended solids 
from the contents o f  each sample bottle with a vacuum  pump and acid-rinsed filter paper, each 
sample was analyzed for alkalinity, chloride, sulfate, nitrate, ammonium, and soluble reactive 
phosphorus (SRP) according to Standard M ethods (APHA 1998).
Vegetation was characterized at all sampling points to explore the relationship o f stem 
structure and edge effects. Total num ber o f  stems representing each vegetation group (e.g., 
Schoenoplectus, Typha, Sagittaria, Nuphar/Nymphaea, and graminoids) were recorded for the 
combined total o f  0.5 m^ o f water surface bounded by two quadrats at each sampling point. 
Surface organic cover (SOC) and benthic organic cover (BOC) were recorded by visually 
estimating total percent coverage o f organic debris, submerged aquatic vegetation (SAY), and 
filamentous algae within the 0.5-m^ area. Percentages were arcsine-square root transformed to 
circular degrees for statistical analyses.
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2004 Data Analysis: Environm ental Characteristics at Reference and Anthropogenic Edges
Paired t-tests (a  = 0.05, « = 6 m arshes) were used to compare each o f  16 environmental 
variables representing organic accumulation, and physical and chemical attributes o f  the reference 
edge (R l)  with the anthropogenic edge (A l) (Figure 3). See Table 1 for complete list o f  
environmental variables analyzed. All pFl data were converted to hydrogen ion concentration 
prior to analysis.
2004 Data Analysis: Environmental Characteristics o f  Marsh Zones Adjacent to Reference and  
Anthropogenic Edges
Regression analysis was perform ed individually on the 16 environmental variables to 
explore any trends with distance into a marsh from both reference and anthropogenic edges. To 
maximize power o f detection for the 2004 data, all 31 reference-transect sampling points and all 
25 anthropogenic transect points from all six marshes were included in the analysis. To partition 
among-marsh variation, data were standardized by aligning transect means. For each individual 
variable within a single marsh, the mean o f  all o f  the data points along an individual transect was 
calculated and subtracted from the value at each point along the transect. The resultant 
standardized environmental variable at each point was either positive or negative, depending on 
its relationship to the transect mean. After each environmental variable was standardized across 
each m arsh transect, all among-marsh data represented by a given variable were pooled within the 
appropriate disturbance class (reference or anthropogenic). Each variable was then regressed 
against distance into the marsh from the reference edge (R l) and anthropogenic edge (A l).
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2005 Data Analysis: Environm ental Characteristics o f  Reference Edge, Anthropogenic Edge, 
and Inner Marsh
Randomized complete block design (RCBD) analysis o f variance (ANOVA) with post- 
hoc paired t-tests were used to determine if  differences existed between anthropogenic edges 
(A l), reference edges (R l), and inner marsh (IM) for any o f the 16 environmental variables 
measured (Figure 3). The RCBD was used to account for among-marsh variation. For each 
variable, there were 19 blocks (marsh sites) each consisting o f three transect end points 
(treatments: A l, R l, IM).
2005 D ata Analysis: Environmental Characteristics o f  M arsh Zones Adjacent to Reference and  
Anthropogenic Edges
To maximize power o f  detection, all o f the (102 total) 2005 reference transect sampling 
points and all o f the (100) anthropogenic transect sampling points from all 19 marshes were used. 
Sixteen environmental variables (same as 2004) were analyzed. To m inim ize among-marsh error 
and enable regression analysis, all data were first standardized by the same method as described 
for the 2004 data. Each standardized environmental variable was regressed linearly against 
distance into the inner marsh (IM) from both reference (R l)  and anthropogenic (A l)  edges. The 
extra sum o f squares test (Montgomery and Peck 1992) was used to compare the slopes o f  the 
reference and anthropogenic gradients.
10
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Results
2004: Environmental Characteristics at Reference and  Anthropogenic Edges
Anthropogenic edges were not significantly different from reference edges (Table 1). 
Results o f paired t-tests on the combined data from six 2004 marshes showed that, o f  the 16 
environmental variables analyzed, only nitrate may have been significantly different (Table 1) 
between the two edge types (R l and A l). However, we would expect at least one o f  the tested 
variables to show a possible difference (between R l and A l)  due to chance alone (n = 16 paired t- 
tests, a  = 0.05), so the nitrate results are inconclusive.
2004: Environmental Characteristics o f  Marsh Zones Adjacent to Reference and Anthropogenic 
Edges
Regression analysis o f  data from  the six 2004 marshes revealed significant {P < 0.05) 
multi-variable, linear gradients extending from both the reference edge (R l)  and the 
anthropogenic edge (A l)  toward the m arsh interior (IM). Figure 4 depicts all significant 
relationships. Relationships with distance along the reference transect are not shown, but were 
stronger than the anthropogenic relationship in every case.
2005: Environmental Characteristics o f  Reference Edge, Anthropogenic Edge, and Inner M arsh 
Year 2005 results o f RCBD ANOVA and post-hoc paired t-tests on the combined data 
from 19 marshes showed the same general pattern found in 2004, except for water depth, which 
was significantly different {P < 0.05) between R l and A l. However, when the edges (R l and 
A l)  were each compared to the inner marsh (IM), variables such as DO, pH, alkalinity, SOC, 
BOG, stem density, and water depth all showed significant differences (Table 2).
11
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Table 1. Paired t-test results from the six 2004 marshes. Environmental variables were 
compared between the reference edge (R l) and anthropogenic edge (A l).
Year 2004 
Environmental Variables
R l compared to A l
paired t-test results
t n P
Dissolved Oxygen (mg/L) -0.682 6 0.526
Hydrogen Ion Concentration (pH) &627 6 0.558
Alkalinity (mg/L CaCOs) 0.443 5 0.681
Surface Organic Cover (% arcsine sqrt. transf.) -1.000 6 0 363
Benthic Organic Cover (% arcsine sqrt. transf.) -1.265 6 0262
Stem Density (stems/0.5 m^) 1.654 6 0459
Depth (cm) -1.995 5 0.117
Turbidity (NTU) -0.464 6 0.662
Temperature (°C) 0.952 6 0285
Specific Conductance (mmho) 1906 6 0.115
Chlorophyll a (ug/L ) -L887 6 0432
Chloride (mg/L) 0.404 6 0403
Sulfate (mg/L) -0.039 6 0.971
Nitrate (mg/L) -2.648 6 0.046
Ammonium (mg/L) 0.674 6 0230
Soluble Reactive Phosphorus (mg/L) 1.000 6 0263
2005: Environmental Characteristics o f  M arsh Zones Adjacent to Reference and Anthropogenic 
Edges
Regression analysis on combined data from 19 marshes sampled in 2005 also revealed 
environmental gradients extending from the anthropogenic edge (A l) and the reference edge (R l)  
toward the marsh interior (IM) (Figures 5 and 6). Dissolved oxygen concentration, pH, alkalinity, 
SOC, BOG, and stem concentration each showed a linear (and possible curvilinear) relationship 
with distance {P < 0.05) inward from both edge types. Other variables such as temperature, total 
dissolved solids, turbidity, chloride, sulfate, nitrate, ammonium, and soluble reactive phosphorus 
showed no relationship from either type o f  edge. All distance relationships (except dissolved 
oxygen) along the anthropogenic edge were weaker (lower /  value) than the corresponding 
distance relationships along the reference transect. However, the results o f extra sum o f squares
12
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tests showed that for any environmental variable having a significant relationship with distance 
from either edge type, the slopes o f the two regressions were not significantly different (Fq< Fa;
F.=0.05,1,198=3.84).
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Figure 4. Plots of 2004 environmental data showing linear regression of standardized variables with 
distance (m) into marsh from the anthropogenic edge only. Eastern Saginaw Bay marsh sampling point A4 
was removed as an outlier in plots A, B, and E. Massively disproportionate stem increase at this sampling 
point was likely attributable to the artificial elevation o f an old, earthen pier remnant.
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Table 2. Year 2005 environmental data from 19 marshes were subjected to RCBD ANOVA and 
post-hoc paired t-test analysis to compare the reference edge (R l), anthropogenic edge (A l), and 
inner marsh (IM). Significant (or approaching significance after Bonferroni correction) difference 
values are in bolded text (a = 0.05). Other environmental variables had no detectable differences 
among transect sampling points.
Chemical 
or Physical 
Variable
Comparison of 
the Three Distal 
Transect Points 
(R 1,A 1,IM )
RCBD ANOVA
R l
compared to 
IM
post hoc 
paired t-test
A l
compared to 
IM
post hoc 
paired t-test
R l
compared to 
A l
post hoc 
paired t-test
Dissolved Oxygen F (2 ,18) = 6.205 t = -2.499 ( = 2.785 ( = -0.138
(mg/L) f  = 0.005 « = 19 « = 19 « = 1 9
P  = 0.022 F  =0.012 F  =0.892
pH F  (2,18) = 6.234 f = 2.755 ( = -2.447 (= -1 .434
P  = 0.005 « = 19 « = 1 9 « = 1 9
F  = 0.013 F = 0.025 F  = 0.169
Alkalinity F (2 ,18) = 6.191 t = 2.766 ( = -2.348 ( : - -1.836
(mg/L CaCO;) P  = 0.005 « = 19 « = 1 9 « = 1 9
F  = 0.013 F  = 0.030 F  =0.083
Surface Organic F (2 ,18) = 7.542 f = 3.138 ( = -2.532 (= -1 .000
Cover per 0.5 m^ P  = 0.002 M = 19 « = 1 9 « = 1 9
F  =0.006 F  = 0.021 F  = 0.331
Benthic Organic F ( 2 J 8 ) =  15429 t=  5.715 ( = -3.285 ( = -1.522
Cover per 0.5 m^ P < 0.001 n = 19 « = 1 9 « = 1 9
F  <0.001 F  = 0.004 F  = 0.145
Stem Density F (2 ,18) = 34.028 / = 5.861 ( = -6.332 ( = -0.632
(stems per 0.5 m^) P < 0.001 n = 19 « = 1 9 « = 1 9
F  <0.001 F < 0.001 F  =0.536
Depth F  (2,18)= 15.511 / =-4.593 (= 3 .746 ( = 2.947
(cm) P  < 0.001 « = 1 9 « = 1 9 « = 1 9
F  <0.001 F  = 0.001 F  =0.009
14
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Figure 5. Plots o f 2005 environmental data showing linear regression o f standardized environmental 
variables with distance (m) into marsh from reference edge only.
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Figure 6. Plots of 2005 environmental data showing linear regression o f standardized environmental 
variables with distance (m) into marsh from anthropogenic edge only.
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C H A PT E R  III 
C R U STA C EA N  ZO O PLA N K TO N
Methods
Study Locations and Time Frame
Crustacean zooplankton were collected only in 2004. Two fringing marshes sampled 
were located on either side o f Saginaw Bay, Lake Huron; one marsh was located in the Les 
Cheneaux Islands area o f  northern Lake Huron, one was located at the Lake M ichigan end o f  the 
M ackinaw Straits, and one was located along the western side Lake M ichigan’s Grand Traverse 
Bay (Figure 7). All five fringing marshes were sampled once within the period from mid-July to 
mid-August 2004. This time-period was selected so that the majority o f crustacean zooplankton 
instars would be at a developmental stage enabling efficient family-level identification.
Sampling Design and Procedure
Phototactism has been demonstrated for aquatic invertebrates and larvae o f  many North 
American fish species (Kissick 1993, Newhouse et al. 2000, Marchetti et al. 2004). Quatrefoil 
light traps (Figure 8) were used because these devices can efficiently and concurrently sample 
zooplankton, macroinvertebrates, and larval fish in marsh environments. Light traps collect 
organisms relatively cleanly, even in densely vegetated areas (Conrow et al. 1990, Knight and 
Bain 1996). By using light traps instead o f  nets, gear avoidance issues can be minimized (Thayer 
et al. 1983) and multiple points along each transect can be sampled simultaneously, thus 
eliminating temporal sampling error within each marsh site (Doherty 1987).
17
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At each marsh site, up to six floating quatrefoil light traps (Floyd et al. 1984, Secor et al. 
1992) were positioned along each transect proceeding into the marsh (Figure 3). To m inim ize 
light source performance irregularities (Kissick 1993), technologically new, energy-efficient 
light-emitting diode (LED) bulb clusters were utilized instead o f  chemical light sticks or 
traditional incandescent bulbs. Each light source unit contained a cluster o f  high-intensity, 
yellow-tinted LED bulbs, which were sealed within a glass vial and polyvinyl chloride (PVC) 
tube assembly. Each light source assembly was attached via small-gauge insulated wire to a 
resistor-controlled battery pack containing two alkaline D-cells. Battery packs were suspended 
on metal posts several feet above the water surface and sealed in water-resistant plastic bags. The 
high efficiency and relatively constant light emission o f  LED bulbs enabled each set o f  batteries 
to be utilized for up to two trap-nights.
Light traps were placed at each sampling point along the reference and anthropogenic 
transects before dusk and collected after dawn (Figure 3). A bungee cord was used to attach a 
flexible, heavy-duty plastic skirt (30-cm length, 0.25-mm thickness) to the bottom o f each light 
trap. W hen deployed on a trap, the bottom o f  the plastic skirt was folded to seal it shut and was 
held closed with a large metal clip. During the retrieval process, the hoop o f  a plankton 
collection net was gently placed under the bottom o f  the trap and slowly raised to envelope the 
sampling device. After the net was pulled up to the water surface (enclosing the light trap), the 
plastic skirt at the bottom o f  the devise was opened by removing the metal clip, allowing trap 
contents to exit into the net as the trap was lifted. On site, the net was washed (by spraying the 
exterior) to rinse contents into a plastic collection bottle attached to the net’s cod-end. The 0.118- 
mm mesh size was sufficient for retaining most microcrustacea (Cardinale 1998).
18
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Figure 7. Triangles indicate location o f marsh sites sampled for crustacean zooplankton.
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Figure 8. Quatrefoil light trap (34.3 cm deep by 20.3 cm wide) used to capture 
invertebrates and larval fisb in Great Lakes fringing marshes. The photo shows the year 
2005 trap configuration, featuring an individual capture net affixed to the trap bottom and 
a natural-spectrum (white), cord-free LED light source within the trap.
Sample Processing
All processing was done according to Standard M ethods (APHA 1998), when applicable. 
In-field sample preservation and fixation was accomplished by using a 5% formalin solution. 
After several weeks o f fixation, samples were transferred to 70% ethanol (ETOH) preservation 
solution (APHA 1998). Larger animals, such as larval fish and macroinvertebrates were 
manually removed from each sample by washing the organisms through a 0.5-mm sieve prior to 
subsampling crustacean zooplankton. A standard Folsom plankton splitter (Van Guelpen et al. 
1982, APHA 1998) was used to subsample each zooplankton sample, resulting in approximately 
400-500 individuals (APHA 1998). Because o f their much smaller sizes and often overwhelming
20
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numbers, bosminid cladocerans were further subsampled in a similar m anner before enumerating. 
A Ward counting wheel was used to facilitate taxa enumeration. All cladocerans were identified 
to family level. Copepods were identified to the three main suborders: Calanoida, Cyclopoida, 
and Herpacticoida (Balcer et al. 1984, Pennak 1989, Thorp and Covich 2001). Samples were 
dried at 60 °C for 48 hours and then weighed to the nearest 0.0001 g. Dried samples were 
incinerated in a furnace at 550 °C to remove all organic carbon (APHA 1998). Sand, clay 
particles, and other inorganic debris rem ained in the aliquot for reweighing. A simple gravimetric 
(dry weight minus ash weight) method was used to calculate zooplankton biomass (Oniori and 
Ikeda 1984).
Data Analysis: Comparison o f  Zooplankton Communities at Reference and Anthropogenic Edges
Non-parametric Wilcoxon signed rank tests (n = 5 marshes) were used to compare 
zooplankton metrics o f  samples collected at the anthropogenic edge to samples collected at the 
reference edge (Figure 3: sampling points A l and R l). The four metrics analyzed were: total 
abundance, biomass (ash-free dry weight), richness, and Shannon diversity H ' = {p, In pi).
Both richness and Shannon diversity were calculated using family-level o f  resolution for 
cladocerans and sub-order level resolution for copepods.
Data Analysis: Zooplankton Relationship with Distance into Marsh fro m  Reference and  
Anthropogenic Edges
Four zooplankton metrics (abundance, AFDW , richness. Shannon diversity) were 
standardized using the same method as described previously for environmental variables (Chapter
II). For each o f  the zooplankton metrics, pooled data points {n=  19) from all five marshes were 
regressed against distance into marsh from both edge types.
21
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Data Analysis: Correspondence Analysis o f  Zooplankton Edge and Interior Communities
Correspondence analysis was used to analyze light trap contents am ong all five marshes 
to see if  any zooplankton com m unity patterns existed. Pearson correlation was used to detect any 
relationship between zooplankton community structure and environmental gradients inward from 
both edge types.
Data Analysis: M arsh Fragment Size and Isolation Effects on Zooplankton
Ideally, several isolated marsh remnants would have been selected to compare to an equal 
number o f much larger marshes. We gained access to only one marsh fragm ent in 2004 that 
could definitely be classified as an isolated remnant. The m arsh fragment was located in western 
Grand Traverse Bay, an eco-region similar to that o f  northern Lake Huron and northern Lake 
Michigan. However, the Grand Traverse Bay marsh site had a strikingly different appearance 
when compared to the other four fringing marshes that were sampled. Besides being only h a lf as 
large as any o f the other marshes, the marsh rem nant had an anthropogenic edge on both lateral 
sides and another anthropogenic edge separating the rear o f  the marsh from the upland shore, 
effectively surrounding the fragment with open water. Four zooplankton metrics (total 
abundance, biomass, richness. Shannon diversity) were analyzed using non-parametric Kruskal- 
W allis tests to compare the overall zooplankton community o f  this relatively small, isolated 
marsh remnant to the zooplankton communities o f  the four larger marshes located in Saginaw 
Bay, western Mackinaw Straits, and the Les Cheneaux Islands (Figure 7).
2 2
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Results
Comparison o f  Zooplankton Communities at Reference and Anthropogenic Edges
More than 2,705,680 crustacean zooplankton from 42 trap-nights were enumerated. 
W ilcoxon signed rank test results showed no differences between the two types o f edges (R l and 
A l) with any o f the following four metrics: abundance, biomass, richness, and Shannon diversity.
Zooplankton Relationship with Distance into M arsh fro m  Reference and Anthropogenic Edges 
Biomass (AFDW) showed a positive linear relationship with distance from either edge 
toward inner marsh (Figure 9). The other three zooplankton metrics that were analyzed (total 
abundance, richness, and Shannon diversity),failed to show any relationship with distance into the 
marsh from either edge type.
P  = 0.049  
/  = 0.209  
n =  19
1.0
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Figure 9. The relationship between 2004 zooplankton biomass per trap (standardized grams AFDW) and 
distance (m) toward marsh interior from both types o f edge. One outlying data point (shown enclosed in 
rectangle) was omitted from regression analysis.
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Correspondence Analysis o f  Zooplankton Edge and Interior Communities
Dimension 1 explained 29% o f the variation among all light trap contents. However, the 
lack o f correlation with hydrologie intensity surrogate variables indicated that Dimension 1 
represented variation associated with other factors. A strong correlation between Dimension 2 
(21% o f  variation explained) and dissolved oxygen (likely a hydrologie m ixing indicator 
surrogate) revealed that zooplankton communities along both transect types responded linearly to 
hydrologie intensity (Figure 10).
Marsh Fragment Size and Isolation Effects on Zooplankton
Kruskal-W allis tests comparing the trap means among the five m arsh sites showed that 
zooplankton total abundance and zooplankton biomass o f  the Grand Traverse Bay marsh remnant 
were each at least two orders o f magnitude lower than the same metrics measured at the other 
four larger marshes (Figure 11). Taxa richness and Shannon diversity were also significantly 
lower in the isolated, smaller Grand Traverse Bay marsh remnant than any o f  the other marshes 
(Figure 11).
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Figure 10. Microcrustacean zooplankton correspondence analysis relationship with dissolved oxygen. 
Squares represent the contents o f light traps along reference transects, triangles represent the contents o f 
anthropogenic transect light traps, and circles represent the contents o f comer (innermost) traps.
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Figure 11. Bars show trap means (+ SE) from the western Grand Traverse Bay marsh fragment {n = l  
traps), western Saginaw Bay marsh (n = 10 traps), eastern Saginaw Bay marsh (« = 8 traps), western 
Mackinaw Straits marsh (« = 9 traps), and Les Cheneaux marsh (n = 8 traps). Approximate marsh sizes 
were (from left to right of figure): < 3,480 m^ 6,500 m^ 15,200 m \  240,000 m \ 45,000 m l The Grand 
Traverse Bay marsh fragment was the only marsh that was bounded by anthropogenic edge on more than 
one side. Different lowercase letters indicate significant differences {P < 0.05) among marshes.
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C H A P T E R  IV 
A Q U A T IC  M A C R O IN V E R T EBR A T ES
Methods
Study Locations and Time Frame
Five fringing, coastal marsh sites were eaeh sampled once between mid-July and mid- 
August 2004. Two o f those sites were located within Saginaw Bay, Lake Huron. One site was 
within the Les Cheneaux Islands area o f northern Lake Huron, one was on the western end o f  the 
M ackinaw Straits (northern Lake Michigan), and one was located along the western shore o f 
Grand Traverse Bay (northeastern Lake M ichigan).
In 2005, all marshes were sampled between early-May and early-July. Nine Saginaw 
Bay fringing marsh sites were sampled once. Two Saginaw Bay marsh sites were each sampled 
twice, with sampling events separated by 2 to 4 weeks. The 2004 site on the western end o f  the 
M ackinaw Straits was sampled again in 2005, and three sites were located among the Les 
Cheneaux Islands in 2005 (Figure 12).
Sampling Design and Procedure
Macroinvertebrate samples were collected in 2004 using the same methods as described 
for crustacean zooplankton. In 2005, an improved LED light source design utilizing full- 
spectrum, high-intensity diodes (see Appendix A) was used. Instead o f a plastic containment 
skirt-funnel, a 0 .118-mm mesh collection net was attached to the bottom o f  each quatrefoil light 
trap and held in place with a bungee cord for the duration o f each over-night sampling period 
(Figure 8).
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Figure 12. Location of macroinvertebrate sampling sites. Circles indicate marshes that were sampled in 
2004 only. Triangles represent marshes that were sampled in 2005, and solid triangles indicate marshes 
that were sampled twice during that year. Diamonds represent sites that were sampled once during both 
years.
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The transect pair layout and light-trap placem ent methods in 2005 were similar to those 
used in 2004. However, in 2005, spacing betw een sampling points along each transect was set at 
10 m. The 2005 transect lengths were similar within each pair, and never exceeded 60 m.
Sample Processing
All processing was done according to Standard M ethods (APHA 1998), when applicable. 
During the 2004 sampling effort, in-field sample preservation and fixation was accomplished 
using a 5% formalin solution. After several weeks o f  fixation, samples were transferred to 70% 
ethanol (ETOH) (APHA 1998). M acroinvertebrates were separated from zooplankton in each 
sample by washing the organisms in a 0.5-mm sieve. The 2005 quatrefoil light trap samples were 
lifted from the water and the collection net was im mediately removed, inserted into a plastic Zip- 
lock™  bag, and placed into a cooler containing blocks o f dry-ice (solid CO 2). Samples were 
frozen within minutes, and were kept that way until further processing. At the laboratory, each 
collection net was individually thawed, removed from its Zip-lock^'^ bag and gently rinsed into a 
0.5-mm sieve to separate macroinvertebrates from zooplankton and silt. M acroinvertebrates were 
placed into 70% ETOH preservation solution and were identified to family (Pennak 1989, 
Peckarsky et al. 1990, M erritt and Cummins 1996).
2004 Data Analysis: Correspondence Analysis o f  Macroinvertebrate Edge and  Interior 
Communities
Correspondence analysis was used to analyze macroinvertebrate communities along each 
transect pair and identify any underlying gradients. Pearson correlation analysis was used to test 
for a relationship between resultant correspondence analyses dimension coordinates and possible 
hydrologic-surrogates (DO, pH, SOC, BOC).
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2004 Data Analysis: M acroinvertebrate Biomass Relationship with Distance into Marsh fro m  
Reference and Anthropogenic Edges
Macroinvertebrate biom ass totals for each sampling location were log-transformed to 
reduce heteroskedasticity. Biomass data were then standardized among marshes using the same 
method as described previously for environmental and zooplankton variables (Chapters II and
III). Standardized data were then regressed against distance toward the marsh interior from both 
edge types. The three other macroinvertebrate com m unity m etrics (total abundance, richness. 
Shannon diversity) were analyzed only within the much larger 2005 dataset.
2004 Data Analysis: M arsh fragm ent Size and Isolation Effects on Macroinvertebrate 
Communities
As previously described for zooplankton (see zooplankton methods, Chapter III), four 
macroinvertebrate community metrics (total abundance, biomass, richness, Shannon diversity) 
were analyzed using non-parametric Kruskal-W allis tests to compare the overall 
macroinvertebrate community o f a relatively small, isolated marsh remnant to the 
macroinvertebrate communities o f  four much larger marshes (Figure 12). A ll o f  the large 
marshes were located relatively close to a matrix o f other large marshes.
2004 and 2005 D ata Analysis: Comparison o f  M acroinvertebrate Communities among Reference 
Edge, Anthropogenic Edge, and  Inner Marsh
For the 2004 dataset (« = 5 marshes), non-parametric W ilcoxon signed rank tests were 
used to compare macroinvertebrate biomass o f  samples collected at the anthropogenic edge to 
samples collected at the reference edge (Figure 3: sampling points A l and R l) . Total abundance, 
richness, and Shannon diversity were not analyzed in 2004 because the dataset was relatively 
small.
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In contrast, the 2005 dataset was relatively large { n = \ l  marshes) and every pair o f 
transects each had a shared inner marsh (IM) com er point. This enabled the use o f  RCBD 
ANOVA with post-hoc paired t-tests to analyze community metrics (total abundance, richness, 
Shannon diversity) and to determine i f  differences existed among the anthropogenic edge (A l), 
reference edge (R l), and inner m arsh (IM). The blocks accounted for among-marsh variation. 
The RCBD ANOVA consisted o f  17 blocks, each representing a marsh site. Each block 
consisted of the three transect distal sampling point treatments (A l, R l, IM).
2005 Data Analysis: Relative Similarity between Anthropogenic Edge Communities and Inner  
Marsh Communities
Jaccard similarity index values (100*o/a+è+c, where a = shared taxa, b = taxa unique to 
anthropogenic edge, c = taxa unique to inner marsh) were calculated to represent the community 
similarity between each pair o f  distal sampling points (A l and IM) on each anthropogenic 
transect. After Jaccard similarity index values were arcsine square-root transformed, Pearson 
correlation was used to determine if  the community similarity between both ends o f  pooled 
anthropogenic transects showed a relationship with any possible indicator variables o f  wind- 
induced hydrologie intensity, such as dissolved oxygen, pH, BOC, or SOC. For these analyses, 
hydrologie indicator variables were standardized (as described in previous sections) so that data 
could be pooled from all 17 m arsh sites where macroinvertebrates were collected, to increase 
power o f detection and focus on within-marsh variation.
Non-metric multidimensional scaling (NMDS) was used to explore possible hydrologie 
mixing effects on macroinvertebrate communities associated with reference edges, anthropogenic 
edges, and inner marsh locations (Kruskal 1964, M ather 1976). NMDS was perform ed using 
Bray-Curtis distance measure (Kruskal and W ish 1978) and PC-ORD version 4.0. Random 
starting coordinates were used in 40 runs with real data and 50 with randomized data returning 6
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dimensions. Solution stability was obtained using a maximum o f 400 iterations or an instability 
value o f 0.00001. A Monte Carlo test was used to determine if  a solution with comparable stress 
could be obtained by chance alone. Significance was set at p < 0.05. Dimensionality o f the 
dataset was determined using a Scree diagram (Stress vs. Dimension). Once dimensionality was 
determined, the analyses were repeated calculating only the num ber o f dimensions suggested by 
the Scree diagram. Sampling points were then superimposed onto biplots representing the two 
dimensions explaining the most variation in the dataset. O f the two marshes that were sampled 
twice, only the latter sampling session o f each marsh was incorporated in the NM DS analysis so 
that temporal variation could be minimized. Data from the m arsh sampled latest was used 
because older instars could be more-efficiently identified. M acroinvertebrate taxa (count-data) 
from the three distal sampling points (R l, A l, IM ) o f each m arsh transect-pair were used in the 
NM DS analysis. Plots were inspected for hydrologie gradients am ong the transect endpoints. 
Apparent gradients were further analyzed using Pearson correlation to identify relationships 
between macroinvertebrate communities (indicated by NMDS scores) and possible hydrologie 
m ixing indicator variables.
2005 Data Analysis: Macroinvertebrate Community Relationship with D istance into Marsh from  
Reference and Anthropogenic Edges
Regression analysis was performed on macroinvertebrate total abundance, family-level 
richness, and family-level Shannon diversity data to uncover any community trends with distance 
into a marsh from either edge (R l or A l). To maximize pow er o f  detection, I used the entire 91 
sampling points from all 17 reference transects and the entire 88 sampling points from all 17 
anthropogenic transects where macroinvertebrates were collected. To minimize among-marsh 
variation, data were standardized as previously described. This enabled transect distance 
regression analysis at a within-marsh scale using among-marsh data.
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Results
A total o f  48,477 (mean =  1154, SE = 237) aquatic m acroinvertebrates comprising 36 
families were caught in quatrefoil light traps during 42 trap-nights from mid-July through mid- 
August 2004. A total o f  146,061 (mean = 896, SE = 146) macroinvertebrates comprising 42 
families were caught during 163 trap-nights from mid-M ay through early-July 2005. The slightly 
lower 2005 average per trap was likely due to the relatively lower abundance o f  large, mobile 
instars in mid spring and early summer when the 2005 sampling effort was conducted (compared 
to mid-July and August 2004). Also, a much higher ratio o f sites sampled in 2005 were 
structurally dominated by the relatively late-developing Schoenoplectus pungens  (three-square 
bulrush). Therefore these marshes may have had relatively late-developing macroinvertebrate 
communities compared to other bulrush marshes (personal observation).
2004: Correspondence Analysis o f  Macroinvertebrate Edge and Interior Communities
Correspondence Analysis results (Figure 13) suggest that the high degree o f community 
variation among the five marshes was likely m asking possible hydrologie mixing gradients within 
each marsh. W hen correspondence analysis was limited to separate analyses o f  each marsh, 
patterns were evident showing high community response to a possible surrogate for w ind-induced 
hydrologie mixing. Figure 14 depicts how the macroinvertebrate communities o f the Les 
Cheneaux site, the western Saginaw Bay site, and the western M ackinaw Straits site were all 
correlated strongly with dissolved oxygen along an aeration gradient likely resulting from wind- 
induced hydrologie mixing. Other likely hydrologie mixing indicators, such as SOC {P = 0.023, r 
= 0.777) and pH (P  = 0.025, r  = -0.772) measured at the Les Cheneaux marsh site also correlated 
highly with CA Dimension 1. Possible hydrologie mixing surrogates such as stem concentration 
(P  = 0.021, r  = -0.713) and pH (P <  0.001, r  = 0.958) were correlated highly with CA
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Dimension 1 at the western Saginaw Bay site. Surface organic cover (P = 0.005, r  = -0.867) and 
pH (P = 0.011, r = 0.830) correlated well with CA Dimension 2 at the western M ackinaw Straits 
site.
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Figure 13. Year 2004 macroinvertebrate correspondence analysis biplot o f Dimension 1 with Dimension 2, 
showing large among-marsh variation. Each of the five marshes is represented by a unique symbol, and 
each point on the biplot represents light trap contents at a single sampling point. Dimension 3 (not shown) 
also failed to reveal a within-marsh hydrologie mixing gradient.
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Figure 14. Year 2004 correspondence analysis dimension 
relationship with dissolved oxygen for (A) Les Cheneaux marsh 
site, (B) western Saginaw Bay site, and (C) western Mackinaw 
Straits site. Squares represent reference transect light traps, 
triangles represent anthropogenic transect light traps, and circles 
are shared comer traps (inner marsh). Plot C transects did not 
share an inner corner trap.
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2004: Macroinvertebrate Biomass Relationship with D istance fro m  Reference and  
Anthropogenic Edges
Log transformation o f the biomass data appeared to adequately reduce heteroskedasticity. 
Biomass strongly increased with distance from the reference edge (Figure 15). The metric 
showed a linear (and possible curvilinear) relationship with distance from the anthropogenic edge 
toward the m arsh interior (Figure 15).
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Figure 15. The linear relationship between year 2004 macroinvertebrate biomass per trap (log-transformed, 
standardized grams AFDW) and distance toward marsh interior from both edge types.
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2004: Marsh fragm ent Size and Isolation Effects on M acroinvertehrate Communities
Kruskal-W allis tests o f  trap means found no difference in total macroinvertebrate 
abundance between the Grand Traverse Bay marsh fragment and three o f  the four larger marshes 
(Figure 16A). N o macroinvertebrate biom ass differences were found among all five marshes 
(Figure 16B). However, macroinvertebrate taxa richness and Shannon diversity were 
significantly lower in the small, isolated Grand Traverse Bay m arsh remnant when compared to 
any o f the other four marshes (Figure 16C, D).
2004 and 2005: Comparison o f  M acroinvertehrate Communities among Reference Edge, 
Anthropogenic Edge, and Inner Marsh
W ilcoxon signed rank test results o f  the 2004 dataset suggested that m acroinvertehrate 
biomass was not different (P  = 0.225) between reference and anthropogenic edges (n = 5 
marshes).
The RCBD ANOVA o f the 2005 dataset revealed no differences among transect distal 
sampling points (R l, A l, IM) for abundance data (Table 3). However, RCBD ANOVA and post- 
hoc paired t-tests showed that there was a difference in macroinvertehrate richness between the 
reference edge (R l)  and inner marsh (IM) and also between the anthropogenic edge (A l) and 
inner marsh (IM). There was a difference in macroinvertehrate Shannon diversity between both 
edge types and inner marsh. Both types o f edge showed no difference in Shannon diversity or 
taxa richness when compared to each other (Table 3).
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Figure 16. Bars show macroinvertebrate trap means (± SE) from the western Grand Traverse Bay marsh 
fragment (n = 7 traps), western Saginaw Bay marsh (n = 10 traps), eastern Saginaw Bay marsh (« = 8 
traps), western Mackinaw Straits marsh (« = 9 traps), and Les Cheneaux marsh (n = 8 traps). Approximate 
marsh sizes were (from left to right): < 3,480 m^, 6,500 m^, 15,200 m^, 240,000 m^, 45,000 m^. The Grand 
Traverse Bay marsh fragment was the only marsh that was bounded by anthropogenic edge on more than 
one side. Different lowercase letters indicate significant differences {P < 0.05) among marshes.
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Table 3. Year 2005 macroinvertehrate community metrics from 17 marshes were subjected to RCBD 
ANOVA and post-hoc paired t-test analysis to compare reference edges (R l), anthropogenic edges (A l), 
and inner marsh (IM). Significant differences are represented with bold text (a = 0.05).
Community
Metric
Comparison of 
the Three Distal 
Transect Points
R l
compared to 
IM
A l
compared to 
IM
R l
compared to 
A l
RCBD ANOVA post hoc 
paired t-test
post hoc 
paired t-test
post hoc 
paired t-test
Abundance F  (2,16) = 2.287 
P  = 0.118
--- --- ---
Richness F (2 ,1 6 )=  11.950 
P < 0.001
f = 4.243
M = 17 
P  = 0.001
t = -3.796 
n = \ l  
P  = 0.002
/ = -1.174 
n = 17 
F  = 0.258
Shannon
diversity
F(2,16) = 7.275 
f  = 0.002
r = 3.741 
« = 17 
f  =0.002
f = -2.530
n = \1 
P  = 0.022
t = -0.787
« = 17 
P  = 0.443
2005: Relative Similarity between Anthropogenic Edge Communities and Inner Marsh 
Communities
Hydrologie intensity (represented by likely environmental surrogate variables) affecting 
the anthropogenic edge (A l) was inversely related to how similar (represented by Jaccard 
similarity index coefficient) the macroinvertehrate community at the anthropogenic edge (A l) 
was to the community o f  the inner marsh (IM). W hen using pooled standardized data from all 
marshes, the model showed that relative values o f  several possible hydrologie mixing indicators 
such as dissolved oxygen, BOC, and SOC at the anthropogenic edge were related to the Jaccard
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similarity of macroinvertebrate communities between distal sampling points o f  that edge (Figure 
17). Generally, m acroinvertebrate communities at anthropogenic edges that experienced higher 
hydrologie mixing intensity (relative to that experienced by anthropogenic edges o f other 
marshes) showed lower similarity to inner marsh communities.
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Figure 17. Macroinvertehrate community similarity between distal points on the anthropogenic transect 
(extending into a marsh from an anthropogenic edge) was negatively related to dissolved oxygen 
concentration (Plot A) and positively related to organic cover (Plot B) at the anthropogenic edge. Prior to 
correlation analyses, Jaccard similarity values were arcsine square-root transformed and units o f the 
horizontal axis were standardized to align the means o f the 17 anthropogenic transects. Boxes enclosing 
points indicate outliers that were omitted from correlation analysis.
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W hen m acroinvertehrate communities from the distal points (R l, A l ,  IM) o f  the transect- 
pairs were analyzed with NM DS, a hydrologie trend was apparent in Dimension 1. At least some 
o f the variation among the macroinvertehrate communities was explained hy significant 
relationships with likely hydrologie m ixing surrogates such as dissolved oxygen, pH, effective 
fetch, and exposure class (Figure 18). However, a disproportionate number o f  northern Lake 
Huron marshes are on the extreme right side o f  the plot. Therefore, error associated with eco- 
region difference is likely concealing the strength o f the hydrologie mixing effect on within- 
marsh community composition.
2005: M acroinvertehrate Community Relationship with D istance into M arsh from  Reference and  
Anthropogenic Edges
M acroinvertehrate communities change along a continuum radiating into a marsh from 
hoth edge types. Regression analysis o f  the standardized data, pooled from all marshes, showed 
that there were positive trends in total abundance, richness, and Shannon diversity extending from 
the reference edge into a marsh. Although weaker (indicated hy lower /  values), the same 
general relationship existed for richness and Shannon diversity with distance inward from the 
anthropogenic edge (Figure 19). Sum o f  squares tests on each response variable determined that 
reference and anthropogenic regression slopes were not significantly different (Fo< Fa;
Fa=0.05,1,198-3.84). Total abundance did not show a relationship with distance from the 
anthropogenic edge (Figure 19B).
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Figure 18. Results from NMDS analysis o f macroinvertebrate count data from 44 distal sampling points 
(A l = antliropogenic edge, R l = reference edge, and IM = inner marsh comer) representing 15 transect 
pairs from 15 marshes. Dimension 1 has a significant relationship with dissolved oxygen {P = 0.036, r = - 
0.316, w = 15), pH {P < 0.001, r  = -0.527, « = 15), effective fetch (P  = 0.011, r  = -0.381, n =  15), and 
exposure class (P = 0.001, r  = 0.681, n = 15). Most edge light traps plot on the left side o f the dotted line 
and the majority of inner marsh traps plot on the right side.
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Figure 19. Linear regression plots o f standardized data for three macroinvertehrate community metrics 
(abundance, richness, Shannon diversity). All horizontal axes represent distance (m) from an edge toward 
the marsh interior.
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C H A PT E R  V  
LA R V A L FISH
Methods
Study Locations and  Time Frame
Preliminary light trapping conducted during late-sum m er o f  2004 and mid-May o f 2005 
indicated that larval fish would not be abundant until late-May. All sampling occurred within the 
period from late-May to early-July 2005. Nine Saginaw Bay fringing marsh sites were sampled 
once. Two Saginaw Bay marsh sites were each sampled twice, with sampling sessions separated 
by several weeks. A northern Lake M ichigan site was located on the western end o f  the 
Mackinaw Straits, and three sites were located among the Les Cheneaux Islands o f  northern Lake 
Huron (Figure 20).
Sampling Design and Procedure
The transect-pair layout and quatrefoil light-trap placement methods were identical to 
those described in the 2005 macroinvertehrate methods section (Chapter IV). Larval fish samples 
were obtained concurrently with macroinvertehrate samples.
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Figure 20. Location of larval fish sampling sites. White triangles indicate marsh sites that were sampled 
once only. Solid triangles represent marshes where larval fish sampling occurred twice.
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Sample Processing
After thawing and rinsing the samples, larval fish were separated from 
macroinvertebrates and placed in 10% buffered formalin, according to Standard M ethods (APHA 
1998), to aid in pigm ent retention and minimize shrinkage. Larval fish were identified to species 
when possible, utilizing regional larval fish keys (Auer 1982, Fuim an et al. 1983, Holland-Bartels 
et al. 1990). A subset o f  specimens were confirmed by persoimel at M ichigan DN R Charlevoix 
Fisheries Research Station.
Data Analysis: Comparison o f  Larval Fish Communities among Reference Edge, Anthropogenic 
Edge, and Inner Marsh
Randomized complete block design analysis o f variance was used with post-hoc paired t- 
tests to analyze community metrics (abundance, richness. Shannon diversity) to determine if  
differences existed among the anthropogenie edge (A l), reference edge (R l), and inner marsh 
(IM). The “blocks” accounted for among-marsh variation. The RCBD ANOVA consisted o f 17 
blocks, each representing a marsh site. Eaeh block consisted o f the three transect distal sampling 
point treatments (A l, R l ,  IM).
Data Analysis: Relative Similarity between Anthropogenic Edge Communities and Inner Marsh 
Communities
Jaccard similarity index values were calculated to represent the community similarity 
between each pair o f  distal sampling points (A l and IM) on each anthropogenic transect. After 
Jaccard similarity index values were arcsine square-root transformed, Pearson correlation was 
used to determine if  the community similarity between both ends o f  pooled anthropogenic 
transects showed a relationship with any possible indicators o f  hydrologie mixing intensity. For 
these analyses, hydrologie indicator variables were standardized (as described in previous
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sections) so that data could be pooled from all 17 marsh sites to increase pow er o f  detection while 
focusing on within-m arsh variation.
Non-metric multidimensional scaling was used to explore hydrologie mixing effects on 
larval fish communities associated with reference edge (R l), anthropogenic edge (A l), and inner 
marsh (IM) locations o f  15 marsh sites. O f the two marshes that were sampled twice, only the 
earlier sampling period o f each marsh was incorporated in this analysis so that temporal variation 
could be minimized. Data from the marsh sampled earliest was used because overall larval fish 
abundance was higher in early-summer than mid-summer. Therefore, larval fish abundance data 
from a total o f  15 (instead o f  17) marsh sampling efforts were analyzed. The details o f  the larval 
fish NM DS process were similar to details described for the m acroinvertehrate NM DS analysis 
(see Chapter IV). W hen NMDS appeared to uncover an underlying gradient, Pearson correlation 
was used to determine i f  there was a relationship between larval fish community (represented by 
NMDS coordinates) and possible hydrologie mixing indicators such as dissolved oxygen, pH, 
SOC, BOC, and alkalinity. Data were then stratified by eco-region (northern Lakes 
Huron/M ichigan and Saginaw Bay) to remove variation associated with large-scale geographical 
differences. Saginaw Bay had sufficient data (from 11 marshes) to enable further NMDS 
analysis.
D ata Analysis: Larval Fish Community Relationship with D istance into Marsh from  Reference 
and Anthropogenic Edges
Regression analysis was performed on larval fish total abundance, taxa richness, and 
Shannon diversity to uncover any community trends with distance into a m arsh from either edge 
(R l or A l). To maximize power o f  detection, I used the entire 92 sampling points from all 17 
reference transects and the entire 89 sampling points from all 17 anthropogenic transects where
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larval fish were collected. To minimize among-marsh variation, data were standardized as 
previously described, enabling transect distance regression analysis at a within-marsh scale.
Data Analysis: Larval Fish Individual Taxa Relationship with D istance into Marsh from  
Reference and Anthropogenic Edges
Regression analysis on individual taxa was also performed when several a priori 
conditions were met. To qualify, a single taxa had to he represented at three or more sampling 
points in at least two marshes. The count-data from each sampling point were square-root 
transformed in an attempt to homogenize variance. Nine o f 18 taxa met the a priori criterion for 
further analysis.
Marsh Size and Isolation Effects on Larval Fish
Four metrics (richness. Shannon diversity, abundance, non-Cyprinus carpio abundance) 
were analyzed using the non-parametric M ann-W hitney u-test to compare the overall larval frsh 
community o f four relatively small marsh fragments (marsh mean size = 7,500 m^, size range = 
2,700 m^ to 13,300 m^, « = 37 sampling points) to the overall larval fish community o f four much 
larger marshes (marsh mean size = 364,000 m^, size range = 22,256 m^ to 1,230,000 m^, « =  42 
sampling points). To minimize influence o f temporal variation, the eight marsh sites were 
selected from within a two-week sampling period. Temporal sampling distribution among the 
marshes was unrelated to marsh size. All were selected from Saginaw Bay so that variation due 
to eco-region would he factored out.
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Results
A total o f 4,803 larval fish comprising at least 18 species were caught in quatrefoil light 
traps during 165 trap-nights (mean = 29, SE = 4). Lack o f  consistently identifiable features 
associated with most cyprinids (minnows), clupeids (herrings), and lepomids (suntrsh) prevented 
classification o f individuals within these taxa to species resolution.
Comparison o f  Larval Fish Communities among Reference Edge, Anthropogenic Edge, and Inner  
Marsh
Results from RCBD ANOVA and post-hoc paired t-tests were not as clear as results from 
those same analyses o f  the invertebrate community metrics. Larval fish total abundance between 
the reference edge and inner marsh approached a significant difference {P = 0.071), yet no 
difference was evident between the anthropogenic edge and inner marsh for that metric. Total 
abundance at the reference edge differed from that o f  the anthropogenic edge (Table 4). Taxa 
richness showed a pattern generally analogous to total abundance among all three distal sampling 
points. However, Shannon diversity followed the same general pattern as the macroinvertehrate 
community metrics; both edges were different from the inner marsh and were similar to each 
other (Table 4).
Relative Similarity between Anthropogenic Edge Communities and Inner M arsh Communities 
Hydrologie intensity (represented by likely environmental surrogate variables) affecting 
the anthropogenic edge (A l)  was inversely related to how similar (represented by Jaccard 
similarity index coefficient) the larval fish community at the anthropogenic edge (A l) was to the 
community o f the inner marsh (IM). W hen using pooled standardized data from all marshes, the 
model showed relative values o f several possible hydrologie mixing indicators such as dissolved
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oxygen, BOC, and SOC at the anthropogenic edge were related to the Jaccard similarity o f larval 
fish communities between distal sampling points o f  that edge (Figure 21). Generally, larval fish 
community response was similar to the m acroinvertehrate com m unity response described in 
Chapter IV. Communities o f  anthropogenic edges that experienced higher hydrologie mixing 
intensity (relative to that experienced by anthropogenic edges o f  other marshes) showed lower 
similarity to inner marsh communities.
Table 4. Larval fish community metrics from 17 marshes were subjected to RCBD ANOVA and post-hoc 
paired t-test analysis to compare reference edges (Rl), anthropogenic edges (Al), and inner marsh (IM). 
Significant (or approaching significant) difference values are in bold text (a = 0.05).
Community
Metric
Comparison of 
the Three Distal 
Transect Points
RCBD ANOVA
R l
compared to 
IM
post hoc 
paired t-test
A l
compared to 
IM
post hoc 
paired t-test
R l
compared to 
A l
post hoc 
paired t-test
Abundance T" (2,16) = 6.205 1.937 t = -0.945 t = -2.563
P  =  0.054 n = 17 n = 17 n = \1
F  = 0.071 F =  0.359 P  =  0.021
Richness F  (2,16) = 5.661 t = 3.105 t = -0.879 t = 2.667
P  = 0.008 n = \1 n = \ l n = \ l
P  =  0.007 F  = 0.393 F  = 0.017
Shannon F  (2,16) = 4.630 / = 3.047 / = -1.937 t = -1.056
Diversity F  = 0.017 M = 17 n = \1 n = \1
F  = 0.008 P  =  0.071 F  = 0.307
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Figure 21. Larval fish community similarity between distal points on the anthropogenic transect (extending 
into a marsh from an anthropogenic edge) is negatively related to dissolved oxygen concentration at the 
anthropogenic edge. Prior to correlation analyses, Jaccard similarity values were arcsine square-root 
transformed and units of the horizontal axis were standardized to align the means of all 17 anthropogenic 
transects. One outlying data point (shown enclosed in rectangle) was omitted from correlation analysis.
When Saginaw Bay larval fish communities from distal sampling points (R l, A l, IM) 
were initially analyzed with NM DS, most o f the sampling points were well-scattered throughout 
the plot. However, five marshes retained their sampling points in tight groups (Figure 22). 
Correlation analysis suggested that this tight intra-marsh grouping appeared to be masking 
hydrologie mixing gradients. To remove this variation, those five marshes were removed and the
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remaining data (six marshes) were re-analyzed using NM DS. Results showed that Dimension 3 
was highly correlated with several possible hydrologie mixing surrogates (Figure 23).
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Figure 22. Larval fish NMDS plot of distal points (Rl = reference edge, A l = anthropogenic edge, and 
IM = inner marsh) o f transect pairs from 11 Saginaw Bay marshes. Ellipses encircle within-marsh 
groupings.
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Figure 23 Larval Fish NMDS plot of distal sampling points (Rl = reference edge, A l = anthropogenic 
edge, and IM = inner marsh) o f  transect pairs from six Saginaw Bay marshes, after inter-marsh grouping 
was removed and the data was re-analyzed. Dimension 3 likely represents a hydrologie mixing gradient, 
indicated by strong correlations with dissolved oxygen, {P = 0.042, r  = -0.530, n = 15). Hydrogen ion 
concentration showed a high correlation with Dimension 3 (P = 0.003, r = 0.738, n = 14) after a severe 
outlier was removed from analysis. Box shows grouping o f R l communities.
53
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The entire NM DS analysis was repeated using the log-transformed larval fish community 
dataset from Saginaw Bay instead o f actual count data, so that among-marsh variances would be 
minimized further. This time, no marshes were excluded because inter-marsh grouping was not 
evident. Again, correlation analysis (a  = 0.05) o f Dimension 3 indicated that some o f  the 
variation among the larval fish communities o f  distal sampling points could he explained hy 
possible hydrologie mixing surrogates such as dissolved oxygen and pH (Figure 24).
A separate NM DS analysis o f  the four northern marsh sites (located in M ackinaw Straits 
and Les Cheneaux Islands) could not discern within-marsh variation from among-marsh 
variation. Low sample size (n = 4 marshes) likely contributed to the difficulty in partitioning the 
variation.
Larval Fish Community Relationship with Distance into Marsh fro m  Reference and  
Anthropogenic Edges
Larval fish communities changed along a continuum projecting into the marsh from hoth 
edge types (R l and A l). Regression analysis o f  the standardized, pooled data from all marshes 
showed that there were positive trends in total abundance, richness, and Shannon diversity 
extending from the reference edge into the marsh (Figures 25A, C, E). Although weaker 
(indicated by lower r^ values), the same general relationship existed for total abundance, richness 
and Shannon diversity with distance inward from the anthropogenic edge (Figures 25B, D, F). 
Sum o f  squares tests on each response variable determined that reference and anthropogenic 
regression slopes were not significantly different (Fq< F„: F„=0.05,1,198=3.84).
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Figure 24. Larval fish NMDS plot o f distal sampling points (R l = reference edge, A l = anthropogenic 
edge, and IM = inner marsh comer) of transect pairs from eleven Saginaw Bay marshes. Larval fish count 
data was log-transformed prior to NMDS analysis. Inter-marsh grouping was not evident after log 
transformation of data. Dimension 3 represents a hydrologie mixing gradient, indicated by correlations 
with dissolved oxygen {P = 0.036, r = 0.397, n = 28*) and H {F = O.OI I, r  = -0.475, n = 28*). Boxes 
indicate communities grouped by distal sampling point type (R l, A l, IM). *Zero fish were caught at two 
R l trap locations; therefore total « was 28 sampling points (traps).
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Figure 25. Linear regression plots o f larval fish standardized community metrics (abundance, richness, 
Shannon diversity). Horizontal axes represent distance (m) from an edge toward the marsh interior.
* Indicates one outlier removed.
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Larval Fish Individual Taxa Relationship with D istance into M arsh from  Reference and  
Anthropogenic Edges
There was a significant (P  < 0.05), positive relationship between distance into marsh 
(from both types o f edges) and larval largemouth bass (M icropterus salmonoides) abundance 
(Figure 26). Larval yellow perch {Perea flavescens) abundance also increased significantly 
toward the marsh interior from the reference edge, but perch abundance appeared to have no 
relationship with distance into marsh from the anthropogenic edge (Figure 27). However, three 
o f the marshes where larval yellow perch were caught had wide-open, exposed anthropogenic 
edges (were not boat channels). W hen only the data from these three marshes were pooled and 
analyzed, yellow perch abundance had a positive relationship {P approaching 0.05) with distance 
from anthropogenic edge toward marsh interior (Figure 28). Larval banded killifish {Fundulus 
diaphanous) showed a positive, significant {P < 0.05) relationship toward the marsh interior from 
the reference edge, but failed to show any relationship from the anthropogenic edge (Figure 29). 
Larval common carp (Cyprinus carpio) abundance increased significantly from both edge types 
toward the marsh interior (Figure 30). In marshes where common carp were caught, analysis o f  
covariance (Figure 31) verified that a given trap positioned along the anthropogenic transect 
consistently caught more larval carp than its counterpart trap set at the same distances along the 
reference transect. Also, more larval carp were captured near the edge o f the anthropogenic 
transect than the edge o f  the reference transect (Figure 31). Larval Johnny darter (Etheostoma 
nigrum) abundance decreased significantly with distance into a m arsh from either edge type 
(Figure 32). All other larval fish taxa caught consisted o f too few individuals to allow 
meaningful spatial analysis. Notably, no larval round gobies (Neogobius melastoma) were caught 
in 2005 during the larval fish sampling effort.
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Figure 26. Relationship between number o f larval largemouth bass caught per trap and distance toward 
marsh interior from reference edge (A) and anthropogenic edge (B). Data were pooled from the three 
Saginaw Bay marshes in which larval largemouth bass catches met or exceeded the minimum necessary to 
allow regression analysis.
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Figure 27. Relationship between number o f larval yellow perch caught per trap and distance toward marsh 
interior from reference edge (A) and anthropogenic edge (B). Data were pooled from the seven Saginaw 
Bay marshes in which larval yellow perch catches met or exceeded the minimum necessary to allow 
regression analysis.
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Figure 28. Relationship between number of larval yellow perch caught per trap and distance toward marsh 
interior from anthropogenic edge. Data were pooled from the three Saginaw Bay marshes that each had a 
wide-open anthropogenic edge (not boat channel type of anthropogenic edge).
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Figure 29. Relationship between number of banded killifish caught per trap and distance toward marsh 
interior from reference edge (A) and anthropogenic edge (B). Data were pooled from the ten Saginaw Bay 
marshes in which larval banded killifish catches met or exceeded the minimum necessary to allow 
regression analysis.
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Figure 30. Relationship between number of common carp caught per trap and distance toward marsh 
interior from reference edge (A) and anthropogenic edge (B). Data were pooled from the eight Saginaw 
Bay marshes in which larval common carp catches met or exceeded the minimum necessary to allow 
regression analysis.
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Figure 31. Plots show trap mean (± SE) common carp abundance relationships with distance into marsh 
along both transect types. Data were pooled from eight Saginaw Bay marshes where enough larval 
common carp were captured to allow analysis. Analysis of covariance indicated that a given trap 
positioned along the anthropogenic transect consistently caught more larval carp than its counterpart trap 
set at the same distances along the reference transect.
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Figure 32 . Relationship between number of Johnny darters caught per trap and distance toward marsh 
interior from reference edge (A) and anthropogenic edge (B). Data were pooled from the two northern 
Lake Huron marshes in which larval Johnny darter catches met or exceeded the minimum necessary to 
allow regression analysis.
Marsh Size and Isolation Effects on Larval Fish
Results o f  the non-parametrie M ann-W hitney u-test showed that all four eommunity 
metrics (taxa richness, Shannon diversity, total abundance, and total abundance o f non-earp taxa) 
were significantly different {P < 0.05) between the two marsh size categories (Figure 27). 
Notably, mean total abundance per “large marsh” light trap was approximately 12 times greater 
than the mean total abundance per “small m arsh” trap. W ith common carp removed from the 
dataset, mean total abundance per “large m arsh” light trap was at least six times greater than the 
mean total abundance per “small marsh” trap (Figure 27).
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Figure 33. Four metrics (richness, Shannon diversity, abundance, abundance o f non-carp taxa) comparing 
the overall larval fish community of four relatively small Saginaw Bay marsh fragments (mean size= 7,500 
m^, range = 2,700 to 13,300 m^, « = 37 sampling points) to the overall larval fish community of four much 
larger Saginaw Bay marshes (mean size = 364,000 m^, range = 22,256 to 1,230,000 m^, n = 42 sampling 
points). Data were selected from a two-week sampling period within the peak o f larval fish abundance in 
Saginaw Bay.
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C H A P T E R  VI 
D ISC U SSIO N
Mechanisms of Edge Effects In Great Lakes Fringing Marshes
Anthropogenic Edge Creation
Anthropogenic edges are created when vegetation is removed in a swath extending from 
the upland shore to the lake. These artificial edges exist where naturally there should be 
continuous marsh. The vegetation is typically removed during navigation channel creation, 
channel maintenance, and “beach groom ing” activities.
Wind-Induced Hydrologie Mixing Effects on Emergent Stem Density, Organic Accumulation, and  
Physical and Chemical Parameters
Numerous studies o f forest fragments have shown that environmental edge effects 
generally attenuate with distance inward from forest edge (Chen et al. 1992, Didham and Lawton 
1999, Laurence et al. 2002). The exponential decline o f  wind disturbance along an edge-to- 
interior gradient is the most important factor influencing gradients o f  other important 
environmental variables such as relative humidity, temperature, and physical habitat structure 
(Chen et al. 1995). The depth o f  edge influence (DEI) depends on factors such as parameter o f 
interest, edge aspect, type o f forest, and local climate (M atlack 1994). Although somewhat 
arbitrary, DEI is often defined as the distance into a fragment where the edge effect curve 
approaches an asymptote and becomes virtually indistinguishable from the forest interior (Chen et 
al. 1992, Didham and Lawton 1999).
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Edge dynamics o f marshes are likely similar to those o f forests, except that wind-induced 
hydrologie mixing energy is the driving component o f  edge effects. Dvorak (1970) and 
Klosowski ( 1992) have shown that wind-induced hydrologie forces and emergent macrophytes 
can interact to create biochemical gradients even in small lakes. During a study o f a large, 
fringing marsh in southeastern Saginaw Bay, Suzuki et al. (1995) found that hydrologie mixing 
energy was attenuated by vegetation within a gradient zone extending from the lake-m arsh 
interface toward the inner core o f the marsh. They documented the existence o f  a discontinuity 
bar formed by the cumulative resistance o f  vegetation stems to pelagic infiltration. W ithin that 
same marsh. Cardinale et al. (1997, 1998) also found distinctive gradients in physical and 
biochemical parameters likely caused by the interaction between hydrologie mixing and 
vegetation within the zone between edge and inner marsh. Several recent studies in Great Lakes 
coastal wetlands included quantitative m easurements o f  hydrologie mixing intensity and 
demonstrated that relative dissolved oxygen concentration, vegetation cover/complexity, and 
turbidity can be good predictors o f  hydrologie mixing intensity from  marsh edge toward marsh 
interior (Strieker 2003, Trebitz et al. 2005).
The data that were collected from numerous marshes throughout northern and mid 
regions o f Lake M ichigan and Lake Huron in 2004 and 2005 confirm the importance o f wind- 
induced hydrologie mixing and extraction o f organics in the creation o f zones o f physical and 
biochemical gradation where a marsh interfaces with open water. Even as bulrush stem 
abundance and stm cture is modified by wind-driven hydrologie energy (Figure 5F), the 
cumulative resistance o f the stems dissipates mixing and extraction energy from waves, storm 
surges, and seiches. This results in decreasing turbidity as surf-zone particulates settle out 
(Figure 4C), increasing density o f  submerged aquatic vegetation, and an increase o f  organic 
matter accumulation along a distinct gradient extending into a m arsh from the edge (Figure 5D 
and E). Increased extraction o f organics closer to open water and organic accumulation toward
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the marsh interior creates a biochemical gradient, evidenced by decreasing dissolved oxygen 
concentration and pH toward the marsh interior as available organic carbon likely oxidizes 
through respiration (Figure 5A and B). These physical and chemical phenomena are not 
restricted to natural edges. Although sometimes not as distinct, a wind-induced physical and 
biochemical gradient also occurs from the open w ater at an anthropogenic edge toward a fringing 
m arsh’s interior (Figures 4 and 6).
Although the six m ajor environmental indicator variables (DO, pH, BOC, SOC, 
alkalinity, stem density) had significant linear relationships with distance into a marsh, close 
inspection revealed possible curvilinear trends. The distance curves o f  all six variables appeared 
to have nearly reached an asymptote located from 30 m to 50 m inside the marsh from the 
reference edge (Figure 5). Trends appeared to nearly plateau at 20 m to 50 m inside the m arsh 
from the anthropogenic edge (Figure 6), possibly reflecting the general environmental depth 
(toward the marsh interior) o f anthropogenic edge influence (DAEI) within Great Lakes fringing 
marshes. Although beyond the scope o f  this paper, a more precise quantification o f the 
environmental DAEI can likely only be determined for each marsh on an individual basis because 
topography and edge aspect vary widely among marsh sites.
Invertebrate and Larval Fish Response
Crustacean Zooplankton Community Response
Zooplankton distribution within Great Lakes fringing marshes are often overlooked. 
Studies within other types o f  disturbed marsh systems associated with the Great Lakes have 
shown that high turbidity levels (Lougheed et al. 1998) and predation (Chow-Fraser et al. 1998) 
associated with low macrophyte density can negatively impact zooplankton biomass and alter
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community composition. Coastal marsh zooplankton communities are dominated by relatively 
large taxa adapted to higher water clarity, low turbulence, and the structural habitat complexity o f  
vegetation (Krieger and K larer 1991, Lougheed and Chow-Fraser 1998). These communities are 
therefore considerably different from the much-studied communities inhabiting Great Lakes 
pelagic zones (Robertson and Gannon 1981, Balcer et al. 1984, Krieger 1992). Using data 
collected from a large geographic area, I confirmed the presence o f  a zooplankton community 
gradient between the natural edge and the complex vegetation structure o f  the inner marsh 
(Figures 9 and 10). Furthermore, my findings show that a similar spatial trend exists from the 
anthropogenic edge toward the core o f  a marsh (Figures 9 and 10).
The laws o f physics dictate that fetch, basin bathymetry, and other factors influence the 
hydrologie energy directed toward a marsh. W e found that marshes that experienced a relatively 
weak influx o f  pelagic water from an anthropogenic edge had zooplankton communities within 
that zone of edge influence that were more similar to inner marsh communities. Conversely, 
marshes that experienced relatively high levels o f  hydrologie influx through the anthropogenic 
gradient zone had zooplankton communities within that gradient zone that were more similar to 
outer marsh communities (Figure 10).
W hen means o f several zooplankton metrics were plotted separately for the five marshes, 
1 found significantly lower overall population density, biomass, richness, and Shannon diversity 
associated with the tiny, relatively isolated western Grand Traverse Bay marsh remnant.
Although unlikely, the zooplankton communities o f  the Grand Traverse Bay marsh may have 
been inherently different from the communities o f  the other marshes, regardless o f  the marsh 
rem nant’s much smaller size. A more likely explanation o f the community differences is that the 
Grand Traverse Bay marsh remnant had fallen below a minimum size threshold (Figure 11). It is 
possible that when a marsh fragment is reduced to a size where two anthropogenic gradient zones 
m eet or overlap, the stem structure o f the inner marsh core is no longer able to viably buffer
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pelagic mixing energy and serve as a unique refuge habitat. Consequently, the inner marsh 
zooplankton community will cease to exist, effectively overwhelmed and replaced by the lake 
community.
Macroinvertebrate Community Response
M acroinvertebrate community response to general anthropogenic impacts have been 
investigated among Great Lakes fringing marshes (Burton et al. 1999, Uzarski et al. 2004), but no 
research has examined how anthropogenic edges may affect marsh m acroinvertebrate 
communities. This research shows that macroinvertebrate communities are highly linked to the 
environmental gradients occurring between edges and inner marsh (Figure 14). Biomass, taxa 
richness, and Shannon diversity increased toward the inner marsh from both edge types (Table 3, 
Figures 15 and 19). This trend was not surprising because numerous studies have shown strong, 
positive relationships between macroinvertebrates and aquatic macrophyte structural complexity 
in many types o f  littoral zones (Heck and W etstone 1977, Beckett et al. 1992, Attrill et al. 2000). 
Though linearly significant, several o f  the macroinvertebrate com m unity metrics appeared to 
have a somewhat curvilinear relationship with distance inward from both edge types (Figures 15 
and 19), possibly signaling the approach o f an asymptote within the inner marsh where 
hydrologie mixing disturbance is insignificant, and a stable, unique inner marsh community can 
persist. The intermediate disturbance hypothesis, proposed by Horn (1975) and Connell (1978), 
may explain the slightly parabolic tendency apparent in some spatial trends.
Burton et al. (2004) found that macroinvertebrate community composition can change 
along natural gradients o f  wind-induced hydrological disturbance at an among-marsh scale. 
Analyses o f the 2005 dataset (more robust o f  the two years) revealed how the relative hydrologie 
intensity directed toward a fringing marsh is likely the main mechanism responsible for altering 
the anthropogenic edge community to be more or less like the inner marsh community (Figures
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17 and 18). W ind-induced hydrologie intensity can vary among fringing marshes, depending on 
factors such as exposure (Burton et al. 2004) and basin bathymetry. An anthropogenic edge 
community in a marsh that is affected by relatively less hydrologie intensity is relatively more 
like the inner marsh community. Conversely, an anthropogenic edge eommunity in a marsh that 
is affected by relatively more hydrologie intensity is relatively less like the inner marsh 
community (Figures 17 and 18).
Comparison o f  the year 2004 western Grand Traverse Bay marsh remnant to the four 
other much larger, less-isolated marshes revealed some interesting results (Figure 16). When 
means o f several macroinvertebrate metrics were plotted separately for the five marshes, a pattern 
became apparent, though not as dramatic as with zooplankton. Total macroinvertebrate 
abundance and biomass o f the western Grand Traverse Bay remnant marsh were not significantly 
different from all o f  the other, larger marshes. However, m acroinvertebrate taxa richness and 
Shannon diversity were significantly lower in the western Grand Traverse Bay remnant marsh. 
Close inspeetion revealed that two amphipod genera {Hyalella and Gammarus) dominated all 
light trap samples within this marsh fragment. Although the bulrush stems were relatively sparse 
and organic debris was not apparent, scattered cobbles evidently provided sufficient structural 
habitat for amphipods, much like a river bed (M erritt and Cummins 1996, Thorp and Covich 
2001). Few other taxa were caught, indicating that this exposed marsh remnant had likely fallen 
below a critical size threshold. Habitat complexity is often correlative with macroinvertebrate 
diversity (Heck and W etstone 1977, Beckett et al. 1992, Attrill et al. 2000). Apparently, what 
remained o f the inner core could no longer offer refuge and habitat complexity necessary for a 
typically diverse marsh macroinvertebrate community.
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Larval Fish Community and Individual Response
Vegetated habitats provide refuge from predation and are often associated with an 
abundant and diverse microcrustacean food supply important to larval fish (Savino and Stein 
1982, Wiley et al. 1984, Gotceitas and Colgan 1987). As a result, littoral marshes often have 
higher larval fish abundance and diversity than habitats with little or no vegetation (Chub and 
Liston 1986, Conrow et al. 1990). Our Great Lakes fringing marsh sites revealed a similar 
phenomenon, but at a within-marsh scale. Shannon diversity (Table 4) at both edge types 
contrasted with values obtained within the inner marsh. A zone o f community gradation, 
indicated by changes in total abundance, richness, and Shannon diversity, extended from each 
type o f edge toward the marsh interior. These organisms -  like invertebrates -  respond to 
environmental gradients from edge toward inner marsh (Figure 25).
Larval fish abundance data was somewhat more variable than the macroinvertebrate data, 
likely because o f  relatively lower sample sizes, high temporal hatch variation among taxa (Becker 
2001), high temporal hatch variation among marshes due to factors such as subtle water 
temperature differences (Auer 1982, Gregory and Powles 1985), or a relatively narrow timeframe 
when larval fish were vulnerable to phototaetism (Doherty 1987). Despite these inherent 
limitations often associated with larval fish community analyses, I was able to determine that 
relative hydrologie intensity directed toward a fringing marsh is likely the main mechanism 
responsible for directly or indirectly altering the severity o f the anthropogenic community 
gradient within the zone from anthropogenic edge toward inner marsh. Like invertebrate 
communities, larval fish communities at the anthropogenic edge and within the zone o f 
anthropogenic edge influence are more or less like the inner marsh community depending on 
relative amount o f hydrologie intensity directed toward a fringing marsh (Figures 21, 23, 24).
My data shows that larval largemouth bass, yellow perch, and banded killifish are 
sensitive to reference edges. Adults o f  these three species may select relatively protected nursery
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areas o f a marsh interior, or larvae may actively migrate toward the habitat heterogeneity and 
denser vegetation o f  the inner marsh. The apparent lack o f response o f larval yellow perch and 
killifish to anthropogenic edges (Figures 27B, 29B) may be due to the masking effect o f  high 
variation among marshes and anthropogenic edges, despite attempts to reduce variance by data 
transformation. Figure 27B m ay actually show an apparent, slight curvilinear response o f  larval 
yellow perch from anthropogenic edge toward inner marsh. Alternatively, larval yellow perch 
and banded killifish may be much less sensitive than larval largemouth bass to anthropogenic 
edges associated with relatively-protected boat channels. Figure 28 indicates that when an 
anthropogenic edge is wide open and exposed like a typical reference edge and unlike a typical 
boat channel, larval yellow perch may find that edge environment to be less suitable habitat than 
the marsh interior.
Larval common carp may also actively avoid exposure to the higher turbulence and likely 
higher predation associated with the edges (Figure 30). However, ANCOVA results and Figure 
31 show that traps positioned along anthropogenic transects consistently caught more common 
carp than the counterpart traps set along the reference transects within each marsh.
Anthropogenic gradient zones, which are typically less dynamic than reference gradient zones, 
may be preferred habitat o f  common carp larvae. Anthropogenic gradient zones m ay also be the 
preferred spawning sites o f  large, fecund carp that have difficulty penetrating the denser 
vegetation o f  the inner marsh.
As adults, rock bass and smallmouth bass do not normally prefer vegetated habitats 
(Becker 2001), yet larvae o f these two species were captured erratically throughout both types o f 
marsh gradient zones. Smallmouth and rock bass larvae may be attracted to relatively abundant 
zooplankton and find the intermediate stem density o f a gradient zone to be an adequate sanctuary 
until they become stronger and are able to leave the marsh for rocky environs.
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Relatively high numbers o f larval Lepomis sunfish were caught throughout the 
anthropogenic gradient zones o f two relatively protected marshes, reflecting adult sunfish 
preference for relatively protected habitat (Becker 2001). However, few larval sunfish were 
caught even in the most protected interiors o f  most other marshes. A  narrow period o f  larval 
sunfish phototaetism or possibly early/late hatching m ay have contributed to the erratic larval 
sunfish catch.
Cyprinids (other than common carp) showed no spatial abundance trends through either 
type o f gradient zone, although many individuals were caught. However, the minnow family is 
quite large and occupies a diverse array o f habitats (Becker 2001). Some species prefer marsh 
vegetation and some do not. The family-level resolution may have obscured any edge effects.
As expected, Johnny darters showed a strong, negative relationship with distance into a 
marsh from either edge type (Figure 32). This species is typically associated more with sand, 
cobbles, and turbulent water rather than m arsh vegetation and soft substrate (Becker 2001).
M arshes are vital as nursery habitats for Great Lakes northern pike {Esox lucius) 
populations (Casselman and Lewis 1996). 1 captured larval northern pike in mid-April 2005, 
during preliminary testing o f the quatrefoil light traps within an inland lake’s littoral marsh 
(W ilkinson Lake, Barry County, Michigan). However, 1 did not capture northern pike larvae 
during the Great Lakes fringing marsh samplings efforts. This species spawns relatively early 
(Wallus et al. 1990, M ittelbach and Persson 1998) and their young were likely well beyond the 
larval stage when the fringing marshes were sampled. Larval northern pike were therefore 
invulnerable to our capture methods.
The remarkable lack o f round goby larvae in the samples m ay have been due to the soft, 
relatively organic benthic consistency o f  fringing m arsh substrate (Ray and Corkum 2001). 
Notoriously invasive, round gobies often spawn m ultiple times per year (M aclnnis and Corkum 
2000), so the scarcity o f  larval gobies may indicate that relatively few adult gobies inhabit Great
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Lakes fringing marshes. Throughout other habitats within the Great Lakes, adult round gobies 
have been implicated in predation on native species’ eggs and other patterns o f  ecological 
disruption (Corkum et al. 2004). Thus, wetlands m ay be increasingly important as refuge and 
spawning areas for native species.
My results indicate that fragment size affects larval fish population density, community 
richness, and Shannon diversity (Figure 27). Fringing marsh larval fish communities may be 
vulnerable to area affects through several mechanisms. Linear regression analysis has shown that 
larval fish community richness and Shannon diversity generally increases toward the marsh 
interior from the anthropogenic edge (Figure 25). These findings imply that a larger, more 
diverse larval fish community would have inhabited the area prior to vegetation removal. One 
can also deduce that large marshes, which have vast inner cores o f  relatively dense vegetation, are 
less affected by anthropogenic gradient zones and thus able to retain larval fish taxa richness and 
diversity (Figure 33). Small marsh fragments are relatively more affected by anthropogenic 
edges, and likely have lower richness and diversity. As with the invertebrates, there may be a 
minimum habitat size threshold that when breached will allow a precipitous altering o f  larval fish 
community structure. Adult fish may be discerning o f  marsh size when selecting spawning 
habitat (Jude and Pappas 1992) because o f protective cover needed while spawning, egg 
protection, and requirements o f  enough nursery habitat structure and food concentration to 
promote successful larval survival. M arsh size or proximity o f fragments to large marshes within 
a wetland matrix may be important factors for spawning habitat suitability and success. This 
phenomenon likely has implications for the conservation o f Great Lakes biodiversity.
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Further Implications
Fringing bulrush marshes are not unique to the Laurentian Great Lakes. Our results have 
implieations for the management o f  wetlands fringing large bodies o f  water worldwide. At least 
two-thirds o f  Great Lakes eoastal wetlands have been lost to anthropogenic disturbance since 
European settlement (M itsch and Bouchard 1998), and coastal wetlands remaining today are 
heavily fragmented. Historically, large fringing marshes were fragmented into remnants by 
urbanization, shoreline development processes, and navigational channels (Albert 2003). Despite 
this vast reduction in extent, eoastal wetlands provide many critical links among energetics webs 
throughout the entire Great Lakes basin (Albert 2003). They serve as réfugia from invasive 
species (Brady et al. 1995, Jude et al. 2005, Brazner et al. 1998, Cooper et al. (submitted)) and 
for rare species o f invertebrates, fish, amphibians, and birds (Albert 2003). Regional tourism, 
commercial fishing, and the sport-fishing industries depend on these marsh systems directly or 
indirectly.
50 1 00  metersL A K E
Figure 34. As marsh fragment size diminishes, edge effects become more important. A relatively large 
fragment should have a relatively large, unaffected “refuge” interior. Continued fragmentation may lead to 
a fragment becoming dominated by edge effect zones. At a size threshold, a fragment may be overrun by 
pelagic water, with little or no environmental gradients and no viable interior habitat. Actual sizes of edge 
effect zones will depend on fetch and topography.
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C H A PT E R  VII 
SU M M A R Y  & C O N C LU SIO N S
Bulrush stems o f  Great Lakes fringing marshes attenuate the influx o f  wind-driven 
pelagic water. Thus aeration, turbidity, and organic extraction decline from  edge to marsh 
interior. The accumulation o f  organic material toward the inner marsh from any type o f edge is 
associated with increased levels o f relative biochemical oxidation, which likely further controls 
gradients o f dissolved oxygen concentration, pH, and alkalinity.
Invertebrate and larval fish communities respond directly or indirectly to hydrologie 
intensity gradients associated with natural and anthropogenic edges. Effects on community 
composition likely result from the direct physical relocation and destruction o f vulnerable taxa by 
hydrologie m ixing forces and the various indirect responses o f  taxa to physical stress, gradients o f  
refuge potential, turbidity, food availability, dissolved oxygen, pH, and temperature. Overall, 
invertebrate community total abundance, biomass, and richness increases from natural or 
anthropogenic edges toward inner marsh. Larval fish community metrics such as total 
abundance, richness, and diversity also increase from edges toward inner marsh.
Larval largemouth bass, yellow perch, and banded killifish likely prefer inner marsh 
habitat. However, larval yellow perch and killifish may be less sensitive than larval largemouth 
bass to relatively protected anthropogenic edges such as narrow boat channels. Common carp 
larvae may prefer the anthropogenic gradient zone over the natural gradient zone. Thus 
anthropogenic edge creation may promote higher densities o f the invasive, habitat-destroying 
common carp in Great Lakes wetlands.
Geographic location and factors such as basin bathymetry cause some fringing marshes to 
experience relatively higher wind-induced hydrologie energy at their edges. Invertebrate and
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larval fish communities inhabiting anthropogenic edges and anthropogenic gradient zones that 
experience relatively more wind-induced hydrologie intensity and pelagic mixing are relatively 
less like inner marsh communities. Therefore, marshes that are relatively more exposed to wind- 
induced hydrologie energy are likely more susceptible to biological community change when an 
anthropogenic edge is created.
As new edges are created within fringing marshes, anthropogenic gradient zones gain 
area at the expense o f inner core habitats (Figure 34) . The relative wind-induced hydrologie 
energy directed toward a fringing marsh is likely an important factor in determining a m arsh’s 
viable minimum size threshold necessary to retain a unique invertebrate and larval fish 
community. The lower total abundance, taxa richness, and diversity o f  larval fish in small 
marshes implies that marsh remnants may be inferior spawning and nursery habitats for some 
littoral species. When anthropogenic destructive activities reduce a m arsh’s area to a level below 
the minimum size threshold, the previously-dense bulrush stems o f the inner core area have been 
largely replaced by anthropogenic gradient zones comprised o f thinly-spaced stems. Organic 
debris and submerged vegetation are likely lost to pelagic extraction either gradually -  or quickly 
via a catastrophic event such as a large storm surge. The vulnerable m arsh remnant can no longer 
maintain a significant chemical and physical contrast to the nearly constant influx o f  pelagic 
water from the edges. The once unique, complex inner core habitat becomes negligible or ceases 
to exist. The marsh remnant provides little or no refuge against hydrologie energy, large 
predators, and pelagic invaders; eventually all or most inner marsh taxa disappear.
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ABSTRACT
Investigation o f anthropogenic fragmentation edge effects in Great Lakes fringing 
marshes necessitated the development o f a high-intensity light source for quatrefoil light traps 
that would also be energy-efficient, consistent, and durable enough to withstand constant 
battering within these dynamic systems. Twenty bright light-emitting diode (LED) units were 
constructed using low-cost materials and deployed in quatrefoil light traps for overnight sampling 
periods from mid-M ay to early-July 2005. All total, 4,803 larval fishes comprising at least 18 
taxa were attraeted to the 36,000-med, white LED light units during 165 trap-nights.
Additionally, 146,061 aquatie maeroinvertebrates eomprising 42 families were caught. The LED 
light units were energy-efficient and problem-free.
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INTRODUCTION
Light traps are effective for collecting larval fishes and aquatic invertebrates where dense 
vegetation or gear avoidance may prohibit the use o f  other capture methods (Conrow et al. 1990, 
Knight and Bain 1996). Another advantage o f  light trapping is that m ultiple units can be 
simultaneously deployed, virtually elim inating temporal variation in samples (Doherty 1987). 
Until recently, options available for a light source were limited and often problematic. 
Traditionally, low-voltage incandescent bulbs have been used. W hile brightness is usually 
adequate, incandescent bulbs are energetically inefficient and prone to filam ent failure because o f 
stress from high bulb temperatures and physical shock. Chemical light sticks have been used in 
some light trap designs. However, chemical luminescence is relatively low and declines quickly, 
limiting operation to brief sampling intervals (Kissick 1993). Light-emitting diode (LED) 
technology has recently emerged that provides a suitable alternative to incandescent and chemical 
light sources in larval fish and invertebrate traps. The advantages o f  LEDs over other light 
sources are notable. They are far more efficient than incandescent bulbs, since very little energy 
is lost as heat. The acrylic-encased diode bulbs are virtually invulnerable to physical shock and 
pressure. Manufactures often claim their LEDs will last hundreds o f thousands o f hours, 
eliminating any need for bulb replacement. M any LED types surpass the brightness o f sim ilar­
sized incandescent bulbs and especially chemical light sticks. High-intensity LEDs have recently 
become available in the “white” natural spectrum, which makes them suitable for use in lighted 
fish and invertebrate traps. We describe here an original LED light unit that was effectively used 
in quatrefoil light traps to sample larval fish and aquatic invertebrates within Great Lakes fringing 
marshes.
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METHODS AND M ATERIALS
Our LED light unit was designed for use within quatrefoil light traps (Floyd et al. 1984, 
Secor et al. 1992). This design worked well, but m odifications may also produce similarly 
acceptable results. The quatrefoil light traps were 31.75 cm high and each had a 3.85-cm hole 
drilled in the top to allow a LED light unit to extend down into the interior (Fig. 1).
The LED light unit was long enough to eontain four regular C-cell batteries (Fig. 2) and 
extend to the lower interior portion o f a light trap. The main battery compartment (27.3-cm 
length) was cut from common Schedule 40 polyvinyl chloride (PVC) electrical conduit. The 
battery compartment was made water-resistant by pulling a small, heavy-duty latex balloon over 
the seal ring at the top o f the unit. The semi-transparent, high-grade helium  balloon was flexible 
enough to allow electrical switch operation without removal. The seal ring also prevented the 
LED light unit from slipping completely inside the trap.
A compression spring at the bottom and removable compression foam near the top o f  the 
PVC tube was effective in keeping the battery terminals in contact with each other. The spring 
served as the battery series’ negative contact point and was affixed to a rubber stopper with strong 
adhesive. A strand o f size-22 American W ire Gauge (AW G) bare copper wire connected the 
spring to a resistor after the stopper was inserted. Schedule 40 PVC electrical conduit was wide 
enough to allow a thin strand o f size-22 AWG, hare, copper wire to run upward from the base o f 
the tube, alongside the rubber stopper, spring, and C-cell batteries baek to the switch. Standard 
vinyl electrical tape worked well for holding the wire in place and shielding it from spring and 
battery contact.
86
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
[ APPENDIX A ]
The tight-fitting rubber stopper was inserted to 0.5 cm from the bottom o f tube and 
secured in place with high-grade (non-electrically conductive) marine sealant. The rubber 
stopper also functioned as an anchor point for the metal oxide resistor and the twisted, positive 
leads o f  the bundled LEDs. The LED bundle’s twisted lead end and the resistor lead end were 
dipped in strong adhesive and set into separate, shallow (< 0.05 cm) pin holes in the stopper’s 
underside.
Size-20 AW G insulated wire ran from the positive terminal o f  the switch at the top o f  the 
unit through the center o f the block o f  compression foam and was connected to a stainless steel 
screw. The screw was inserted into the bottom  o f  the compression foam and served as a positive 
battery contact point. Batteries were accessed and removed by pulling on the positive insulated 
wire, lifting the screw and compression foam up and out o f  the tube. A magnet-tipped rod was 
useful for extracting batteries from the PVC tube.
Viewing angles vary widely between LED bulb types, but bright (> several thousand 
milicandela) diodes are incapable o f  more than 180°. The LED light units featured three white 
10-mm (base width) LED bulbs with individual viewing angles >120° to obtain 360° coverage 
around a light trap. The cluster o f three diode bulbs was directed outward in a clover-leaf pattern 
so that light was emitted circularly.
Parallel wiring o f LEDs was necessary to approach the voltage produced by four C-cell 
batteries arranged in series. Each LED light unit contained three 12,000-mcd bulbs wired in 
parallel. One resistor was used per light cluster o f  three bulbs. Electrical impedance often differs 
among LED types. To avoid potential damage to individual LEDs from current overload, the 
same type o f  bulbs were used in each cluster, and bulbs were used from the same m anufacturing
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batch. The three negative leads from the combined bulbs were twisted together in the same 
manner as the positive leads (Fig. 2).
Some types o f 10-mm LED bulbs have robust, flat leads that are difficult to bend and 
twist together in this type o f  connection. Flexible, new leads were created to replace each old 
lead. Thin, uncoated copper wire was tightly wrapped around the base o f  each original, flat lead. 
After cutting o ff  the flat leads, a small amount o f strong adhesive was applied to m ake sure the 
new copper wire leads stayed firmly attached to the bulb. The com bined negative leads were then 
connected to the resistor via thin, size-22 AWG, bare, copper wire.
A resistor is often necessary to lower the battery current to the maximum level that a 
LED can safely utilize. Electrical current that is not regulated will destroy LEDs. However, too 
much resistance will waste energy because o f  heat loss from the resistor. Our LED clusters 
(wired in parallel) were rated at 3.6 volts total. A series o f  four new, standard C-cell batteries 
produces approximately 6.2 V. Using Ohm ’s Law, we determined that a 10-ohm 1-watt metal 
oxide resistor w ould sufficiently limit the electrical current to the 0.3 amps allowed for our three 
combined diode bulbs.
The LED bulb cluster’s housing was w aterproof to prevent corrosion and short-circuiting 
o f the resistor. The rubber stopper, reinforced by marine-grade, non-conductive sealant prevented 
moisture from entering the glass vial LED housing if  the battery compartment was ever breached 
(Fig. 2). A glass vial with neck >2.54 cm (outside diameter) was selected so that it could fit 
tightly into the PVC tube. The v ial’s inside diameter was wide enough to accommodate the LED 
bulb cluster. The vial body’s width was slightly smaller than the PVC tube outside diam eter so 
that the entire light unit could be easily removed from the trap. During the final stage o f 
assembly, the glass vial housing was attached to the PVC tube with high-grade marine sealant.
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Preliminary testing revealed that silicone or latex caulk were too flexible and would eventually 
allow leakage.
RESULTS AND DISCUSSION
Other than large, high-powered fluorescent-tube light traps deployed above coral reefs 
(Doherty 1987, W atson et al. 2002), light traps have traditionally been used in relatively calm 
systems, such as inland marshes, ponds, and small lakes. Our study utilized light traps to  explore 
the effects o f  anthropogenic fragmentation on Great Lakes fringing marshes. These systems are 
dynamic, with periods o f intense wind, waves, and storm surges. Therefore, it was mandatory 
that our light units be shock resistant, while emitting bright light consistently for many hours.
We constructed 20 LED light units that were used in 20 floating quatrefoil light traps 
(Floyd et al. 1984, Secor et al. 1992) deployed throughout 19 fringing marshes o f Saginaw Bay 
(eastern Lake Huron), northern Lake Huron, and northern Lake Michigan. Nineteen marsh sites 
were sampled from mid-M ay to early-July 2005. In each marsh, 9 to 11 quatrefoil light traps 
with LED light units were deployed for one night.
All total, 4,803 larval fishes comprising at least 15 species (Cyprinidae, Clupeidae, and 
Lepomis were not identified to species) were attracted to the white LED light source during 165 
trap-nights (mean o f  29 larval fish per trap). Additionally, 146,061 aquatic macroinvertebrates 
comprising 42 families were caught.
The LED light units were energy-efficient and problem-free. The four C-cell batteries in 
each unit lasted through four sampling nights (>60 total hours) without any noticeable change in
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light output. There were no light unit failures. Despite frequent battering inflieted by wind and 
waves, all LED light units eontinued to work at the end o f  the field season.
Often overlooked beeause o f  difficulties associated with capture, near-shore and wetland 
larval fish sampling is important for understanding recruitm ent dynamics (Houde 1987, Jude and 
Pappas 1992), food web energetics (W erner et al. 1996), and anthropogenic impacts (Bryan and 
Scamechia 1992, Hook et al. 2001). High-intensity, white LED technology now enables 
simultaneous deployment o f light traps to be an effective m ethod o f capturing larval fish and 
aquatic invertebrates. Benefits include a potentially high organism capture rate, low cost o f  initial 
construction, high functional consistency, no sampling supervision requirement, low relative cost 
o f  battery replacement, and low maintenance.
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Figure 1. LED light unit insertedin quatrefoil light trap. Latex balloon 
seal has been removed to show electrical switch at top.
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/L a te x  Covering
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. Switch
Seal Ring 
5mmx3.8cm 
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PVC Conduit
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(>1 inch) 
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Small Diameter 
Insulated Wire (20 AWG) 
(passes through foam)
High-Memory Durable 
Semi-Rigid Packing Foam 
(holds batteries in place)
Short Stainless 
Steel Screw 
(positive battery 
terminal contact)
White 
LEDs (3)
Flashlight-Type 
Compression Spring
Rubber Stopper 
-# -l
Metal-Oxide Resistor 
JO ohm. 1 watt 
5% tolerance
Individual LED Specs: 
j 10 mm width
12,000 mcd 100 mA typical 
3.6 V, >120° view angle
Figure 2. Exterior (A) and interior (B) components of LED light unit.
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Key to Heading Codes for Appendices C through N
TRA P light trap; A=anthro, R=reference, C=corner (inner marsh)
DIST distance (m) along transect from marsh edge
LOCATION marsh and light trap location
G PS  (N) GPS coordinate of marsh transect pair site
G P S  (W) GPS coordinate of marsh transect pair site
DATE date of sampling
TIME OF DAY time of sampling
DATA BOOK # field notebook where data is located
FRAG A REA  approximate area of marsh fragment (m^)
DEP water depth (cm)
TEM P water temp (C)
PDO % dissolved O 2
DO dissolved 0% (mg/L)
S P C  specific conductance (mmho)
TDS total dissolved solids
TUR turbidity (NTU)
PH pH
O R P redox potential (mV)
CHL chlorophyll a (mg/L)
PHE phenolthalene alkalinity (mg/L CaCOs)
ALK total alkalinity (mg/L CaCOg)
CL chloride (mg/L)
S 0 4  sulfate (mg/L)
N 0 3  nitrate (mg/L)
NH4 ammonium (mg/L)
S R P  solubale reactive phosphorus (mg/L)
SCOV  % surface organic cover within 0.5 m  ^at each trap
BCOV % benthic organic cover within 0.5 m  ^at each trap
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Key to Heading Codes for Appendices C through N
SCH Schoenoplectus spp. (bulrush)
TYP Typha spp.
SAG Sagitaria /  Pontedaria
HER Herb (mise)
JU N Juncus
PLS Purple Loosetrife {Lythrum salicaria )
SH R Shrub (mise)
PH R Phragmites australis
S P A Sparganeum spp.
LIL Water Lily (Nymphaea /  Nuphar)
STEM  COUNT sum of all plant stems within 0.5 m  ^at each trap
FWD larval Freshwater Drum {Aplodinotus gruniens )
CLU larval Clupeidae
BUF larval Black Buffalo {Ictiobus niger)
W SU larval White sucker (Catostomus commersoni)
LEP larval Lepomis spp.
BC R larval Black Grapple (Pomoxis nigromaculatus )
ROC larval Rock Bass (Ambloplites rupestris)
LMB larval Largemouth Bass (Micropterus saimoides)
SMB larval Smallmouth Bass (Micropterus dolomieu )
Y PE larval Yellow Perch (Perea fiavescens )
CAR larval Common Carp (Cyprinus carpio )
CYP larval Cyprinidae
KIL larval Banded Killifish (Fundulus diaphanus)
JO N larval Johnny Darter (Etheostoma nigrum)
B SB larval Brook Stickleback (Cuiaea inconstans )
T S S larval Threespine Stickleback (Gasterosteus aculeatus)
SIL larval Brook Silverside (Labidesthes siccuius)
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Key to Heading Codes for Appendices C through N
GAR larval Long nose Gar {Lepisosteus osseus )
MUD larval Central Mudminnow (Umbra limi)
G OB larval Round Goby (Neogobius melanostomus)
MOT larval Mottled Sculpin {Cottus bairdi)
PUG adult Pugnose Shiner (Notropus anogenus )
BNM adult Bluntnose minnow (Pimephales notatus)
COM adult Common Shiner (Luxilus cornutus)
SAN adult Sand Shiner Notropis ludibundus)
EME adult Emerald Shiner (Notropis atherinoides)
S P O adult Spottail Shiner (Notropis hudsonius)
FAT adult Fathead minnow (Pimephalespromelas)
MIM adult Mimic Shiner (Notropis volucellus )
AKIL adult Banded Killifish (Fundulus diaphanus)
A B SB adult Brook Stickleback (Cuiaea inconstans)
A N SS adult Ninespine stickleback (Pungitiuspungitius)
TAD Amphibian Tadpole
B O S Bosminidae
BYT Bythotrephes
CHY Chydoridae
DAP Daphniidae
MAC Macrothricidae
PO L Polyphemidae
SID Sididae
O ST Ostracoda
CAL Callanoida
CYC Cyclopoida
HAR Harpaticoida
A FD W Z O O P zooplankton biomass (g)
96
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
[ APPENDIX B ]
Key to Heading Codes for Appendices C through N
A ES Aeshnidae
A PH Aphididae
BAE Baetidae
B SC Baetiscidae
BEL Belostomatidae
GOT Caecidotea
CAE Caenidae
CAM Cambaridae
C E R Ceratopogonidae
CHI Chironomidae
CHR Chrysomelidae
CO E Coenagrionidae
C O R Corixidae
CUR Curculionidae
DYT Dytiscidae
ELM Elmidae
EPH Ephemeridae
GAM Gammarus
G ER Gerridae
GYR Gyrinidae
HAL Haliplidae
HEB Hebridae
HIR Hirundinea
HYA Hyallela
HYD Hydracarina
HBI Hydrobiidae
HPH Hydrophilidae
HYT Hydroptiiidae
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Key to Heading Codes for Appendices C through N
LEP Leptoceridae
LPT Leptophlebiidae
LIB Libellulidae
LMN Limnaeidae
LIM Limniphilidae
MES Mesoveliidae
NAI Naididae
NEP Nepidae
NOT Notonectidae
OLI Oligochaeta
PHR Phryganaidae
PHY Physidae
PLA Planorbidae
PLE Pleidae
PVR Pyralidae
SIA Sialdidae
SIP Siphlonuridae
STR Stratimyidae
TIP Tipulidae
TUR Turbellaria
VAL Valvatidae
VEL Veliidae
AFDW  M A CRO S macroinvertebrate biomass (g)
CLOUD CO V ER cloud cover
AIR TEM P degrees C
W ATER S U R FA C E NOTES 
SU B STR A TE N OTES
water surface charachteristics within 0.5 m at each trap 
substrate charachteristics within 0.5 at each trap
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General Data
TRAP DIST LOCATION GPS (N) G PS(W ) DATE TIME OF DAY
DATA
B O O K #
FRAG
AREA
BP-A1 0 Bayport Anthro -1 43.85513 83.36812 July-20-04 afternoon? 3 ,1(back) 2,900
BP-A2 5 Bayport Anthro - 2 43.85513 83.36812 July-20-04 afternoon? 3 2,900
BP-A3 10 Bayport Anthro - 3 43.85513 83.36812 July-20-04 afternoon? 3 2,900
BP-A4 15 Bayport Anthro - 4 43.85513 83.36812 July-20-04 afternoon? 3 2,900
BP-R4 30 Bayport Ref - 4 43.85445 83.36549 July-20-04 afternoon? 3 27,500
BP-R3 20 Bayport Ref-3 43.85445 83.36549 July-20-04 afternoon? 3 27,500
BP-R2 10 Bayport Ref - 2 43.85445 83.36549 July-20-04 afternoon? 3 27,500
BP-R1 0 Bayport Ref -1 43.85445 83.36549 July-20-04 afternoon? 3 27,500
HISL-A1 0 Hill Island -1 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-A2 10 Hill Island -2 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-A3 20 Hill Island - 3 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-AC 30 Hill Island - corner 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-RC 120 Hill Island - corner 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-R4 90 Hill Island Ref. - 4 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-R3 60 Hill Island Ref. - 3 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-R2 30 Hill Island Ref. - 2 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HISL-R1 0 Hill Island Ref. -1 45.98230 84.31752 July-28-04 afternoon? 4,7 45,000
HT-S-A1 0 Hilltop 81 (near main channel) 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-S-A2 14 Hilltop 82 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-S-AC 23 Hilltop S-Center 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-N-AC 26 Hilltop N-Center 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-N-A2 18 Hilltop N2 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-N-A1 0 Hilltop N1 (near small channel) 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-E-R1 0 Hilltop El (furthest from shore) 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-E-R2 12 Hilltop E2 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
HT-E-RC 36 Hilltop E-Center 44.90665 85.62991 Aug-18-04 late morning 8,7 3,479
STIG-A1 0 St. Ignace -1 (boat channel) 45.84738 84.73762 July-27-04 afternoon? 4,7 240,000
ST1G-A2 20 St. Ignace - 2 45.84738 84.73762 July-27-04 afternoon? 4,7 240,000
STIG-A3 40 St. Ignace - 3 45.84738 84.73762 July-27-04 afternoon? 4,7 240,000
STIG-A4 60 St. Ignace - 4 45.84738 84.73762 July-27-04 afternoon? 4,7 240,000
STIG-R5 115 St. Ignace - R5 45.84738 84.73762 July 27-04 afternoon? 4,7 240,000
STIG-R4 95 St. Ignace - R4 45.84738 84.73762 July 27-04 afternoon? 4,7 240,000
STIG-R3 55 St. Ignace - R3 45.84738 84.73762 July 27-04 afternoon? 4,7 240,000
STIG-R2 25 St. Ignace - R2 45.84738 84.73762 July 27-04 afternoon? 4,7 240,000
STIG-R1 0 St. Ignace - R1 45.84738 84.73762 July 27-04 afternoon? 4,7 240,000
WP-A1 0 Wigwam at Palmer Rd. -1 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-A3 20 Wigwam at Palmer Rd. - 3 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-A4 30 Wigwam at Palmer Rd. - 4 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-AC 40 Wigwam at Palmer Rd. - C 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-RC 60 Wigwam at Palmer Rd. - C 43.96858 83.85805 Aug 03-04 late morning 7 6,500
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WP-R6 50 Wigwam at Palmer Rd. - 6R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-R5 40 Wigwam at Palmer Rd. - 5R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-R4 30 Wigwam at Palmer Rd. - 4R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-R3 20 Wigwam at Palmer Rd. - 3R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-R2 10 Wigwam at Palmer Rd. - 2R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
WP-R1 0 Wigwam at Palmer Rd. - 1 R 43.96858 83.85805 Aug 03-04 late morning 7 6,500
M0S-A1 0 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M0S-A2 10 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M0S-A3 20 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M0S-A4 30 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-A5 40 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
MOS-AC 50 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
MOS-RC 95 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-R6 85 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-R5 75 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-R4 65 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-R3 55 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M 0S-R2 30 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,5,7(map) 28,350
M0S-R1 0 Moscoe 45.99129 84.31552 July 28-04 afternoon? 4,7(map) 28,350
BP0-A1 0 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-A2 10 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-A 3 20 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-A 4 30 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
BPO-AC 40 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
BPO-RC 40 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-R 4 30 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-R 3 20 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
B P0-R 2 10 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
BP0-R1 0 Bay Port Old 43.86112 83.35920 May-20/21-05 11:00 AM 1 13,300
LW-A1 0 Lin wood 43.73924 83.94776 May-21/22-05 9:00 AM 1 4,000
LW-A2 10 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-A3 20 Lin wood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-A4 30 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-AC 40 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-RC 40 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-R4 30 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-R3 20 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-R2 10 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
LW-R1 0 Linwood 43.73924 83.94776 May-20/21-05 9:00 AM 1 4,000
WFP-A1 0 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
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WFP-A2 10 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-A3 20 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-AC 30 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-RC 30 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-R3 20 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-R2 10 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
WFP-R1 0 Wildfowl Point 43.85343 83.37590 June-1/2-05 morning 1 1,620
MP-A1 0 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-A2 10 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-A3 20 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-A4 30 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-A5 40 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-A6 50 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-AC 60 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-RC 50 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-R5 40 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-R4 30 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-R3 20 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-R2 10 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
MP-R1 0 Middle Passage 43.82060 83.39673 June-1/2-05 10:30 AM 1 12,350
LN-A1 0 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-A2 10 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-A3 20 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-AC 30 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-RC 50 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-R5 40 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-R4 30 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-R3 20 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-R2 10 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
LN-R1 0 Linwood North 43.74559 83.95002 June-8/9-05 9:30-10:30 am 2 2,700
NS-A1 0 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-A2 10 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-A3 20 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-A4 30 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-A5 40 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-AC 50 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-RC 50 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-R5 40 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-R4 30 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-R3 20 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
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NS-R2 10 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NS-R1 0 Nayanquing South 43.80638 83.91809 June-8/9-05 pre noon 2 32,092
NN-A1 0 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00- 11:30 am 2 1,230,000
NN-A2 10 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-A3 20 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-A4 30 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00- 11:30 am 2 1,230,000
NN-AC 40 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-RC 40 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-R4 30 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-R3 20 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00- 11:30 am 2 1,230,000
NN-R2 10 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00-11:30 am 2 1,230,000
NN-R1 0 Nanyanquing North 43.81043 83.91741 June-9/10-05 11:00- 11:30 am 2 1,230,000
PS-A1 0 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-A2 10 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-A3 20 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-A4 30 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-A5 40 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-AC 50 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-RC 50 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-R5 40 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-R4 30 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-R3 20 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-R2 10 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
PS-R1 0 Pinconning South 43.82459 83.91534 June-9/10-05 12:00-12:45 2 22,256
BPE-A1 0 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-A2 10 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-A3 20 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-A4 30 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-AC 40 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-RC 40 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-R4 30 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-R3 20 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-R2 10 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
BPE-R1 0 Bay Port East 43.86112 83.35920 June-15/16-05 9:30am 3 13,300
QW-A1 0 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
QW-A2 10 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
QW-A3 20 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
QW-A4 30 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
QW-A5 40 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
QW-AC 50 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1:45pm 3 172,000
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QW-RC 50 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
QW-R5 40 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
QW-R4 30 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
QW-R3 20 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
QW-R2 10 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
QW-R1 0 Quanicassi West 43.62510 83.74102 June-15/16-05 12:15-1 45pm
PF-A1 0 Pinconning Fistiing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-A2 10 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-A3 20 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-A4 30 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-A5 40 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-AC 50 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-RC 50 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-R5 40 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-R4 30 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-R3 20 Pinconning Fishing Edge 43,83196 83.91749 June-16/17-05 8:15am
PF-R2 10 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
PF-R1 0 Pinconning Fishing Edge 43.83196 83.91749 June-16/17-05 8:15am
W-A1 0 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-A2 10 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-A3 20 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-A4 30 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-AC 40 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-RC 40 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-R4 30 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-R3 20 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-R2 10 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
W-R1 0 Wirbel Road (Pinconning) 43.87337 83.91214 June-16/17-05 10:00-11:15am
SI-A1 0 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-A2 . 10 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-A3 20 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-A4 30 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-A5 40 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-AC 50 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-RC 50 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SIR S 40 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-R4 30 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-R3 20 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-R2 10 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
SI-R1 0 St. Ignace (UP) 45.84738 84.73762 June-22/23-05 8:00-9:00am
DATA
B O O K #
FRAG
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3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3; map in 2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3
172.000
172.000
172.000
172.000
172.000
172.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
1.230.000
50.400
50.400
50.400
50.400
50.400
50.400
50.400
50.400
50.400
50.400
240.000
240.000
240.000
240.000
240.000
240.000
240.000
240.000
240.000
240.000
240.000
240.000
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HI-A1 0 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-A2 10 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-A3 20 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-A4 30 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-AC 40 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-RC 40 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-R4 30 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-R3 20 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-R2 10 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
HI-R1 0 Hill Island (UP) 45.98230 84.31752 June-22/23-05 10:00-11:00am 3 45,000
UB-A1 0 Urie Bay (UP) LED Light Off 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-A2 10 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-A3 20 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-A4 30 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-AC 40 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-RC 40 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-R4 30 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-R3 20 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-R2 10 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
UB-R1 0 Urie Bay (UP) 45.96413 84.34074 June-23/24-05 8:30-9:30 3 64,600
SB-A1 0 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-A2 10 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-A3 20 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-A4 30 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-A5 40 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-AC 50 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-RC 50 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-R5 40 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-R4 30 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-R3 20 Sheppard Bay .(UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-R2 10 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
SB-R1 0 Sheppard Bay (UP) 45.97850 84.36133 June-23/24-05 10:50-11:50am 3 64,500
NSJ-A1 0 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-A2 10 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-A3 20 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-A4 30 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-AC 40 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-RC 40 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-R4 30 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
NSJ-R3 20 Nayanquing South 43.80638 83.91809 July-1/2-05 8 15am 3 32,092
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[ A P P E N D I X  C  ]
General Data
TRAP DIST LOCATION GPS (N) G PS  (W) DATE TIME OF DAY
DATA
B O O K #
FRAG
AREA
NSJ-R2 10 Nayanquing South 43.80638 83.91809 July-1/2-05 8:15am 3 32,092
NSJ-R1 0 Nayanquing South 43.80638 83.91809 July-1/2-05 8:15am 3 32,092
PFJ-A1 0 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-A2 10 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-A3 20 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-A4 30 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-AC 40 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-RC 40 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-R 4 30 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-R3 20 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-R2 10 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
PFJ-R1 0 Pinconning Fishing Edge 43.83196 83.91749 July-1/2-05 11 00-1:00pm 3 1,230,000
LE-A1 0 Linwood End 43.75044' 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-A2 10 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-A3 20 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-A4 30 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-AC 40 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-RC 40 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-R4 30 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-R3 20 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-R2 10 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
LE-R1 0 Linwood End 43.75044 83.95187 July-2/3-05 9:05-10:45am 3 32,000
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[ APPENDIX D ]
Environmental Data: Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
BP-A1 0 28.77 144.5 11.08 335.0 5.7 8.36
BP-A2 5 32.0 29.00 142.1 10.55 336.0 - 7.4 8.38 - -
BP-A3 10 20.0 29.72 131.0 9.70 334.0 - 4.5 8.23 - -
BP-A4 15 15.0 29.66 81.5 6.03 409.0 - 6.8 7.30 - -
BP-R4 30 23.5 30.61 105.7 7.68 420.0 - 4.5 7.36 - -
BP-R3 20 30.1 29.61 127.1 9.40 350.0 - 5.8 8.01 - -
BP-R2 10 41.2 28.57 135.0 10.14 333.0 - 6.3 8.27 - -
BP-R1 0 41.8 28.51 133.1 10.04 335.0 - 6.4 8.26 - -
HISL-A1 0 56.0 22.78 79.0 6.66 191.5 0.1225 7.0 6.59 353 24.06
H1SL-A2 10 52.0 22.96 72.2 6.07 192.6 0.1235 2.1 6.62 345 35.43
HISL-A3 20 48.0 22.74 55.3 4.69 194.3 0.1239 2.4 6.38 360 47.32
HISL-AC 30 43.0 22.62 63.9 5.40 193.6 0.1238 3.1 6.48 361 45.87
HISL-RC 120 43.0 22.62 63.9 5.40 193.6 0.1238 3.1 6.48 361 45.87
HISL-R4 90 61.0 22.60 84.8 7.22 192.6 0.1232 3.4 6.67 337 42.60
HISL-R3 60 78.0 22.44 86.1 7.33 193.4 0.1237 3.1 6.75 335 42.44
HISL-R2 30 92.0 22.18 89.4 7.60 191.8 0.1227 5.6 6.89 328 46.08
HISL-R1 0 93.0 21.88 90.5 7.84 191.2 0.1222 15.0 6.78 335 44.08
HT-S-A1 0 35.0 20.79 114.9 10.17 281.9 0.1807 0.0 8.62 316 1.20
HT-S-A2 14 40.0 20.67 107.3 9.56 279.2 0.1790 0.0 8.66 312 0.60
HT-S-AC 23 50.0 20.62 109.7 9.78 279.5 0.1789 0.0 8.70 300 0.70
HT-N-AC 26 50.0 20.62 109.7 9.78 279.5 0.1789 0.0 8.70 300 0.70
HT-N-A2 18 54.0 20.79 108.6 9.65 279.9 0.1790 0.0 8.71 310 0.60
HT-N-A1 0 70.0 20.96 111.8 9.87 281.9 0.1807 0.0 8.87 298 0.70
HT-E-R1 0 63.0 20.84 117.9 10.43 280.6 0.1789 0.5 8.60 301 0.60
HT-E-R2 12 60.0 20.74 112.6 9.99 280.5 0.1796 0.0 8.65 298 0.90
HT-E-RC 36 50.0 20.62 109.7 9.78 279.5 0.1789 0.0 8.70 300 0.70
STIG-A1 0 100.0 21.00 96.7 8.48 253.6 0.1620 11.0 7.36 354 10.93
STIG-A2 20 63.0 21.22 85.1 7.41 255.8 0.1639 3.9 7.08 342 34.55
STIG-A3 40 57.0 21.57 70.8 6.18 261.2 0.1672 3.0 6.84 357 52.39
STIG-A4 60 52.5 21.93 45.2 3.88 273.3 0.1752 2.6 6.46 367 62.30
STIG-R5 115 55.0 22.43 34.5 2.86 273.1 0.1748 3.0 6.43 350 62.30
STIG-R4 95 71.0 22.00 91.3 8.01 254.3 0.1629 5.3 7.20 309 63.18
STIG-R3 55 82.0 21.50 99.7 8.66 251.6 0.1610 2.3 7.33 313 16.94
STIG-R2 25 93.0 21.27 108.5 9.44 249.9 0.1598 2.2 7.45 302 29.72
STIG-R1 0 101.0 21.13 110.9 9.66 249.0 0.1593 2.1 7.58 295 19.30
WP-A1 0 63.0 24.38 69.0 5.58 338.9 0.2163 5.6 8.22 295 5.70
WP-A3 20 24.0 24.41 59.1 4.82 341.7 0.2190 4.2 8.00 297 4.90
WP-A4 30 24.0 24.35 56.6 4.59 342.2 0.2190 3.3 7.93 299 5.50
WP-AC 40 23.0 24.14 42.0 3.32 346.2 0.2217 2.2 7.70 308 5.80
WP-RC 60 23.0 24.14 42.0 3.32 346.2 0.2217 2.2 7.70 308 5.80
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[ APPENDIX D ]
Environmental Data: Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
WP-R6 50 25.0 24.28 40.0 3.21 345.5 0.2218 2.7 7.64 305 6.10
WP-R5 40 25.0 24.63 55.3 4.50 337.5 0.2162 2.0 7.91 295 4.70
WP-R4 30 23.0 24.69 53.4 4.32 334.4 0.2140 7.8 7.95 237 6.00
WP-R3 20 33.0 24.88 67.2 5.40 332.2 0.2124 3.2 8.36 245 5.00
WP-R2 10 44.0 24.95 76.2 6.18 330.8 0.2120 4.6 8.53 243 4.50
WP-R1 0 58.0 25.06 80.0 6.45 327.3 0.2094 6.3 8.85 233 3.60
M0S-A1 0 71.0 24.10 77.4 6.36 251.7 0.1615 4.2 7.12 323 69.30
M0S-A2 10 71.0 24.24 75.2 6.17 245.9 0.1580 3.9 7.07 329 66.60
M 0S-A3 20 70.0 24.44 73.6 6.04 240.0 0.1536 9.1 7.03 331 63.92
M 0S-A4 30 65.0 24.35 73.7 6.04 234.7 0.1501 2.5 7.01 332 58.03
M 0S-A5 40 75.0 24.19 73.3 6.02 231.5 0.1482 4.7 7.00 332 60.37
MOS-AC 50 74.0 24.20 73.9 6.10 225.0 0.1446 3.0 6.93 336 61.90
MOS-RC 95 74.0 24.20 73.9 6.10 225.0 0.1446 3.0 6.93 336 61.90
M 0S-R6 85 83.0 24.34 70.6 5.84 226.0 0.1447 3.1 6.90 336 60.01
M 0S-R5 75 80.0 24.30 71.9 5.90 229.1 0.1467 4.1 6.91 338 63.16
M 0S-R4 65 80.0 24.41 68.8 5.71 230.7 0.1475 6.7 6.90 337 71.92
M 0S-R3 55 88.0 24.30 70.2 5.73 233.6 0.1505 3.0 6.95 357 69.19
M 0S-R2 30 99.0 24.07 64.1 5.25 230.1 0.1470 6.1 6.90 342 87.70
M0S-R1 0 89.0 22.50 68.2 5.56 230.9 0.1474 9.8 6.93 340 92.71
BP0-A1 0 22.9 14.16 83.5 8.44 661.7 0.4222 0.0 8.00 416 9.30
BP0-A 2 10 17.8 13.77 58.8 6.10 608.1 0.3890 0.0 8.02 409 7.30
BP0-A 3 20 11.4 13.20 56.4 6.04 578.2 0.3704 0.0 8.06 394 7.30
BP0-A 4 30 15.2 13.54 56.3 5.78 580.0 0.3730 0.0 8.04 388 7.00
BPO-AC 40 14.0 13.99 55.6 5.76 590.5 0.3777 0.0 7.94 381 7.30
BPO-RC 40 14.0 13.99 55.6 5.76 590.5 0.3777 0.0 7.94 381 7.30
B P0-R 4 30 15.2 14.58 69.1 7.04 390.5 0.3144 0.0 8.07 370 5.80
B P0-R 3 20 24.1 15.14 93.9 9.34 482.0 0.3087 0.0 8.19 362 5.20
B P0-R 2 10 17.8 15.57 99.9 9.88 420.8 0.2701 0.0 8.41 352 4.20
BP0-R1 0 31.8 15.07 102.4 9.91 526.3 0.3375 0.0 8.30 358 5.50
LW-A1 0 16.5 15.65 71.9 7.08 599.0 0.3839 6.0 , 8.43 387 6.50
LW-A2 10 10.2 14.61 59.5 6.11 601.4 0.3859 1.6 8.30 390 7.40
LW-A3 20 10.2 13.41 36.1 3.86 655.9 0.4197 0.0 8.02 396 8.00
LW-A4 30 10.2 13.80 25.6 2.65 619.5 0.3966 0.0 7.94 391 6.20
LW-AC 40 10.2 14.06 35.8 3.58 338.3 0.2188 0.0 7.93 357 5.10
LW-RC 40 10.2 14.06 35.8 3.58 338.3 0.2188 0.0 7.93 357 5.10
LW-R4 30 10.2 13.88 30.8 3.17 578.1 0.3705 0.0 7.88 351 3.60
LW-R3 20 10.2 13.98 45.3 4.70 583.5 0.3739 0.0 7.98 344 3.90
LW-R2 10 10.2 14.42 60.1 5.45 559.2 0.3586 0.0 8.05 339 4.20
LW-R1 0 12.7 15.30 70.6 7.03 533.1 0.3415 0.2 8.19 331 4.80
WFP-A1 0 17.8 19.17 77.5 7.13 340.3 0.2180 2.2 8.81 318 5.30
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[ APPENDIX D ]
Environmental Data: Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
WFP-A2 10 14.0 18.01 57.7 5.44 367.6 0.2350 0.0 8.23 343 5.40
WFP-A3 20 13.3 16.41 45.9 4.42 391.0 0.2479 0.0 7.98 359 3.90
WFP-AC 30 12.7 17.07 40.2 3.86 446.3 0.2852 0.0 7.94 379 4.50
WFP-RC 30 12.7 17.07 40.2 3.86 446.3 0.2852 0,0 7.94 379 4.50
W FP-R3 20 13.3 17.18 40.7 3.88 442.3 0.2833 0.0 7.94 387 5.80
W FP-R2 10 11.4 17.49 38.0 3.56 421.1 0.2694 0.0 7.96 395 3.40
WFP-R1 0 16.5 18.58 76.3 7.04 373.9 0.2165 1,8 8.81 375 4.40
MP-A1 0 26.7 19.20 62.8 5.71 813.3 0.5198 0.0 8.12 324 4.70
MP-A2 10 15.2 18.25 55.0 5.10 775.6 0.4967 0.0 8.13 305 8.10
MP-A3 20 20.3 18,73 50.6 4.57 754.6 0.4828 0.0 8.18 305 8.70
MP-A4 30 17.8 19.15 41.7 3.83 727.2 0.4652 0.0 8.05 288 5.40
MP-A5 40 20.3 19.59 45.7 4.14 716.6 0.4586 0.0 8.09 268 9.80
MP-A6 50 19.1 20.15 60.2 5.44 693.6 0.4454 0.0 8.14 272 4.70
MP-AC 60 22.2 20.36 62.3 5.59 697.8 0.4467 0.0 8.15 266 8.20
MP-RC 50 22.2 20.36 62.3 5.59 697.8 0.4467 0.0 8.15 266 8.20
MP-R5 40 22.2 20.97 69.2 6.13 622.6 0.3987 0.0 8.33 259 7.50
MP-R4 30 22.2 21.12 72.1 6.34 550.5 0.3524 0.0 8.44 262 7.00
MP-R3 20 24.1 21.00 80.7 7.14 518.1 0.3304 0.0 8.59 250 6.90
MP-R2 10 26.7 21.08 68.5 6.02 512.0 0.3277 0.0 8.60 256 7.40
MP-R1 0 26.7 20.99 78.7 6.92 473.4 0.3030 0.0 8.69 256 9.40
LN-A1 0 10.2 25.61 104.3 8.41 405.5 0.2593 2.0 8.50 335 2.30
LN-A2 10 8.9 24.39 87.0 7.20 422.1 0.2706 2.0 8.27 355 3.20
LN-A3 20 7.6 25.52 156.9 12.72 451.6 0.2891 1.8 8.65 346 4.20
LN-AC 30 8.9 25.26 154.7 12.62 423.1 0.2634 1.9 8.84 343 3.60
LN-RC 50 8.9 25.26 154.7 12.62 423.1 0.2634 1.9 8.84 343 3.60
LN-R5 40 12.7 23.95 122.8 10.22 411.3 0.2659 3.4 8.69 355 3.40
LN-R4 30 14.0 24.21 115.4 9.58 411.7 0.2639 2.5 8.65 361 2.20
LN-R3 20 15.2 24.29 108.3 9.03 418.3 0.2683 3.6 8.56 367 2.30
LN-R2 10 21.0 24.46 98.7 8.15 414.8 0.2655 2.9 8.44 379 2.20
LN-R1 0 24.8 24.51 97.6 8.05 407.7 0.2612 3.1 8.48 382 2.20
NS-A1 0 35.6 25.83 109.9 8.90 396.8 0.2540 2.2 8.65 324 2.50
NS-A2 10 24.1 25.95 112.3 9.00 399.4 0.2557 3.6 8.70 324 2.70
NS-A3 20 23.5 26.23 111.7 8.89 400.9 0.2567 8.0 8.63 328 4.60
NS-A4 30 21.6 26.19 110.0 8.90 400.5 0.2564 4.9 8.70 328 9.40
NS-A5 40 21.6 26.11 110.8 8.87 401.1 0.2568 2.4 8.68 332 8.30
NS-AC 50 17.8 26.18 111.8 9.03 399.9 0.2562 10.0 8.71 331 8.70
NS-RC 50 17.8 26.18 111.8 9.03 399.9 0.2562 10.0 8.71 331 8.70
NS-R5 40 21.0 26.27 124.9 10.03 397.8 0.2549 4.8 8.88 327 6.20
NS-R4 30 22.9 26.11 137.2 11.03 393.0 0.2515 2.7 9.02 323 2.80
NS-R3 20 30.5 25.87 134.7 11.07 386.2 0.2471 4.1 9.03 325 4.90
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[ APPENDIX D ]
Environmental Data; Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
NS-R2 10 35.6 25.40 118.0 9.57 410.3 0.2612 5.5 8.79 337 3.80
NS-R1 0 35.6 25.69 107.1 7.53 438.7 0.2810 6.1 8.55 347 3.50
NN-A1 0 30.5 27.04 114.2 9.00 541.4 0.3461 3.3 8.59 301 3.50
NN-A2 10 20.3 27.15 108.2 8.50 536.5 0.3432 3.3 8.63 298 5.20
NN-A3 20 26.7 26.95 129.4 10.23 550.8 0.3525 4.0 8.70 297 4.30
NN-A4 30 22.9 26.87 118.1 9.43 534.4 0.3419 2.3 8.56 301 3.00
NN-AC 40 33.0 26.79 99.5 7.92 516.3 0.3304 4.2 8.43 306 7.40
NN-RC 40 33.0 26.79 99.5 7.92 516.3 0.3304 4.2 8.43 306 7.40
NN-R4 30 27.9 26.47 96.9 7.73 514.9 0.3298 2.8 8.34 308 4.90
NN-R3 20 31.8 26.41 93.9 7.51 514.3 0.3295 3.8 8.44 304 5.30
NN-R2 10 33.0 26.36 98.3 7.86 522.9 0.3348 3.9 8.48 318 3.50
NN-R1 0 33.0 26.21 100.2 8.12 516.5 0.3308 7.3 8.44 336 3.90
PS-A1 0 44.5 27.80 154.0 12.07 576.7 0.3692 3.7 8.75 306 3.50
PS-A2 10 26.7 28.29 148.6 11.61 596.7 0.3818 7.0 8.49 314 4.20
PS-A3 20 30.5 28.37 126.9 9.84 549.5 0.3516 3.4 8.33 321 7.80
PS-A4 30 34.3 28.33 111.5 8.61 526.3 0.3660 6.7 8.15 329 7.10
PS-A5 40 34.3 28.20 101.2 7.80 507.2 0.3247 2.2 7.94 340 6.90
PS-AC 50 34.9 28.34 108.4 8.29 489.9 0.3145 1.1 8.16 330 3.00
PS-RC 50 34.9 28.34 108.4 8.29 489.9 0.3145 1.1 8.16 330 3.00
PS-R5 40 33.0 28.26 142.4 11.00 487.0 0.3117 1.8 8.65 310 3.30
PS-R4 30 37.5 27.92 151.1 11.75 511.0 0.3272 2.5 8.79 307 4.40
PS-R3 20 49.5 27.77 144.6 11.32 544.6 0.3487 3.1 8.79 308 3.90
PS-R2 10 49.5 27.35 148.4 11.72 563.8 0.3605 2.5 8.72 312 3.10
PS-R1 0 58.4 27.01 130.8 10.39 561.0 0.3594 3.6 8.55 323 3.30
BPE-A1 0 34.3 16.47 73.8 7.12 634.4 0.4060 19.9 7.84 315 21.90
BPE-A2 10 25.4 15.92 50.9 4.99 790.4 0.5060 14.6 7.66 320 31.90
BPE-A3 20 22.9 16.09 35.5 3.46 877.7 0.5618 43.3 7.54 323 42.90
BPE-A4 30 22.9 16.10 38.6 3.77 880.1 0.5631 7.1 7.51 324 29.40
BPE-AC 40 30.5 16.10 33.8 3.30 881.4 0.5647 5.5 7.52 377 29.80
BPE-RC 40 30.5 16.10 33.8 3.30 881.4 0.5647 5.5 7.52 377 29.80
BPE-R4 30 27.9 16.24 29.2 2.81 879.1 0.5627 17.0 7.45 358 33.00
BPE-R3 20 24.1 16.91 41.1 3.91 702.2 0.4496 32.0 7.54 336 39.00
BPE-R2 10 19.1 17.25 87.8 8.37 355.9 0.2278 17.5 8.28 303 19.90
BPE-R1 0 40.6 17.15 92.6 8.85 349.7 0.2237 42.1 8.43 359 16.50
QW-A1 0 36.8 19.84 143.1 12.93 490.7 0.3146 11.2 9.35 300 43.40
QW-A2 10 39.4 19.81 148.4 13.36 502.9 0.3224 10.7 9.38 295 18.00
QW-A3 20 39.4 19.75 145.2 13.19 508.5 0.3255 9.1 9.32 293 12.80
QW-A4 30 43.2 19.78 144.4 13.11 503.3 0.3221 8.8 9.30 292 25.40
QW-A5 40 43.2 19.78 140.9 12.79 504.0 0.3221 10.4 9.31 293 33.90
QW-AC 50 44.5 19.72 127.1 11.50 505.2 0.3234 10.1 9.20 294 19.20
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Environmental Data: Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
QW-RC 50 44.5 19.72 127.1 11.50 505.2 0.3234 10.1 920 294 19.20
QW-R5 40 40.6 19.69 118.0 10.73 507.9 0.3251 6.5 9.06 298 22.00
QW-R4 30 41.9 19.32 118.0 10.82 501.9 0.3214 8.9 9.11 299 7.30
QW-R3 20 41.9 19.22 127.1 11.64 503.0 0.3219 8.5 9.17 292 16.90
QW-R2 10 40.6 19.22 119.8 11.01 503.1 0.3219 53.5 9.20 292 13.80
QW-R1 0 41.9 19.16 131.6 12.06 502.2 0.3213 66.0 9.25 289 36.40
PF-A1 0 356 17.82 892 8.34 555.8 0.3559 8.1 8.37 272 4.40
PF-A2 10 31.8 18.00 79.7 7.45 561.6 0.3592 6.8 832 275 4.70
PF-A3 20 31.1 17.89 70.8 6.66 575.8 0 3682 5.5 8.15 284 5.10
PF-A4 30 30.5 17.70 72.8 692 579.5 0.3707 4.9 8.07 292 5.60
PF-A5 40 27.9 17.39 66.8 6.37 588.1 0.3767 4.2 7.98 294 6.50
PF-AC 50 24.1 16.79 56.6 5.46 600.1 0.3842 6.9 7.96 291 6.00
PF-RC 50 24.1 16.79 56.6 5.46 600.1 0.3842 6.9 7.96 291 6.00
PF-R5 40 27.3 17.10 64.6 6.24 588.4 0.3768 5.1 7.96 307 5.60
PF-R4 30 34.3 17.45 78.4 7.48 556.7 0.3561 7.1 832 298 5.40
PF-R3 20 34.3 17.41 85.7 8.08 538.1 0.3447 5.9 845 286 5.20
PF-R2 10 50.8 17.53 81.5 7.67 555.8 0.3557 7.9 828 338 11.60
PF-R1 0 54.6 17.69 837 7.93 527.6 0 3373 5.5 825 336 6.20
W-A1 0 31.8 18.27 93.4 8.73 452.7 0.2890 4.2 8.50 286 5.50
W-A2 10 30.5 18.25 86.0 8.05 456.9 02927 4.0 8.11 295 530
W-A3 20 25.4 18.40 85.0 7.93 460.8 0.2945 4.0 8.11 289 5.50
W-A4 30 279 18.46 97.4 9.05 452.8 0.2896 3.2 8.33 287 540
W-AC 40 30.5 18.30 100.3 9.39 451.5 0.2889 3.9 8.56 277 6.40
W-RC 40 30.5 18.30 100.3 9.39 451.5 0.2889 3.9 8.56 277 6.40
W-R4 30 30.5 18.29 101.8 9.59 450.7 0.2881 5.2 8.56 290 7.50
W-R3 20 35.6 18.46 100.1 9.30 449.4 0.2876 4.3 8.56 292 5.60
W-R2 10 38.1 18.21 94.9 8.91 449.4 0.2876 6.2 8.52 300 6.00
W-R1 0 45.7 18.04 93.1 8.80 451.4 0.2888 5.5 8.34 307 6.60
SI-A1 0 66.0 19.28 916 8.58 221.0 0.4100 5.8 8.39 356 3.40
SI-A2 10 59.7 20.01 865 7.81 219.3 0.1406 4.6 8.34 347 1.28
SI-A3 20 59.7 20.70 80.7 7.21 217.3 0.1391 3.6 818 351 1.50
SI-A4 30 58.4 20.92 74.1 6.56 219.8 0.1407 3.0 8.02 352 3.40
SI-A5 40 57.2 20.98 70.2 628 222.5 0.1422 2.0 7.90 355 1.50
SI-AC 50 603 20.16 61.6 5.16 223.8 0.1432 3.3 7.84 346 2.20
SI-RC 50 60.3 20.16 61.6 5.16 223.8 0.1432 3.3 7.84 346 2.20
SIRS 40 57.2 20.62 53.5 4.76 232.4 0.1488 3.1 7.84 329 2.20
SI-R4 30 40.6 20.70 302 262 269.7 0.1726 2.5 7.67 316 320
SI-R3 20 36.8 20.81 264 228 291.0 0.1865 4.6 7.68 275 3 30
SI-R2 10 40.6 20.07 43.1 3.87 257.2 0.1643 8.6 7.81 302 5.40
SI-R1 0 483 19.48 75.2 6.89 231.2 0.1484 6.6 8.16 298 3.20
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[ A P P E N D I X  D  ]
Environmental Data: Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
HI-A1 0 61.0 20.13 825 7.36 179.6 0.1146 5.6 8.00 351 1.90
HI-A2 10 61.0 20.02 827 7.43 178.5 0.1141 4.9 7.97 351 1.60
HI-A3 20 55.9 19.97 87.0 782 177.3 0.1134 3.8 8.06 343 1.70
HI-A4 30 64.8 19.91 86.4 7.73 177.0 0.1129 6.8 815 335 1.70
HI-AC 40 61.0 19.67 89.4 8.11 175.9 0.1125 5.0 828 328 1.50
HI-RC 40 61.0 19.67 894 8.11 175.9 0.1125 5.0 828 328 1.50
HI-R4 30 67.3 19.58 90.3 8.50 175.5 0.1125 5.3 8.34 328 1.40
HI-R3 20 6&9 19.52 889 8.14 175.5 0.1128 5.4 8.35 328 1.60
HI-R2 10 77.5 19.50 818 110 175.1 0.1117 4.8 838 327 1.60
HI-R1 0 83.8 19.24 892 8.23 175.0 0.1119 5.4 8.44 325 1.60
UB-A1 0 978 21.91 818 7.71 182.7 0.1172 2.9 8.47 346 0.80
UB-A2 10 99.1 2194 83.9 7.33 182.6 0.1164 3.0 8.50 330 0.70
UB-A3 20 96.5 21.91 860 7.41 182.1 0.1168 2.6 8.54 321 0.60
UB-A4 30 91.4 21.93 823 7.27 1811 0.1170 3.0 853 319 0.60
UB-AC 40 826 21.94 830 7.25 182.6 0.1165 2.1 8.55 314 0.60
UB-RC 40 82.6 21.94 83.0 7.25 182.6 0.1165 2.1 8.55 314 0.60
UB-R4 30 96.5 21.95 869 7.56 182.5 0.1165 2.1 865 303 0.60
UB-R3 20 106.7 21.90 89.1 7.77 181.7 0.1165 2.3 8.71 302 0.60
UB-R2 10 116.8 21.85 91.7 7.98 181.4 0.1160 1.4 8.81 297 0.60
UB-R1 0 121.9 21.85 92.3 8.08 181.5 0.1160 2.4 878 314 0.70
SB-A1 0 96.5 23.67 87.6 7.41 200.1 0.1273 6.2 8.54 296 1.90
SB-A2 10 99.1 23.50 81.4 6.88 197.2 0.1264 9.2 846 324 1.70
SB-A3 20 94.0 23.48 84.0 7.08 195.9 0.1253 9.1 859 288 1.50
SB-A4 30 9A8 23.37 8ia 648 196.1 0.1255 9.1 855 320 1.50
SB-A5 40 97.8 23.21 835 7.07 194.8 0.1246 13.0 860 325 2.00
SB-AC 50 96.5 23.18 834 7.13 194.8 0.1243 8.2 8.60 332 1.40
SB-RC 50 96.5 23.18 814 7.13 194.8 0.1243 8.2 8.60 332 1.40
SB-R5 40 101.6 23.02 84.2 7.19 193.7 0.1243 7.5 868 326 1.50
SB-R4 30 106.7 22.95 86.7 7.36 190.5 0.1220 6.7 8.71 327 1.60
SB-R3 20 109.2 22.85 87.9 7.56 193.4 0.1236 6.3 8.74 320 1.50
SB-R2 10 116.8 22.78 818 7.64 192.8 0.1234 7.0 878 305 1.60
SB-R1 0 111.8 22.61 94.3 813 193.0 0.1235 6.3 8.77 328 1.70
NSJ-A1 0 50.8 18.52 77.3 7.24 387.4 0.2483 5.9 9.06 303 3.60
NSJ-A2 10 37.5 18.73 76.5 7.15 368.3 12355 5.7 9.17 282 5.10
NSJ-A3 20 36.8 18.98 70.5 6.55 384.8 0.2468 4.0 8.76 294 4.70
NSJ-A4 30 34.3 18.83 66.2 6.14 384.3 0.2457 3.9 8.71 297 5.00
NSJ-AC 40 33.0 18.84 64.8 6.06 377.7 0.2420 3.0 8.61 298 4.80
NSJ-RC 40 310 18.84 648 6.06 377.7 0.2420 3.0 8.61 298 4.80
NSJ-R4 30 330 18.83 74.6 6.94 368.3 0.2358 3.8 895 278 4.50
NSJ-R3 20 34.3 18.71 77.1 7.14 361.4 0.2315 4.3 9.07 275 4.30
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[ APPENDIX D ]
Environmental Data; Water Depth -  Chlorophyll a
TRAP DIST DEP TEMP PDO DO SPC TDS TUR PH ORP CHL
NSJ-R2 10 41.9 18.62 82.4 7.64 350.6 0.2242 5.4 9.21 272 3.60
NSJ-R1 0 48.3 18.56 89.4 8.40 346.6 0.2219 7.1 9.38 267 3.20
PFJ-A1 0 34.3 21.14 107.6 9.44 466.4 0.2968 3.1 895 297 3.60
PFJ-A2 10 324 20.96 902 7.99 463.0 0.2965 2.9 849 305 3.10
PFJ-A3 20 34.9 20.48 88.5 7.95 462.5 0.2964 2.8 8.58 309 3.20
PFJ-A4 30 34.9 19.76 83.1 7.60 519.4 0 3323 1.6 841 313 3.30
PFJ-AC 40 292 19.88 96.1 8.58 529.8 0.3399 1.5 832 303 3.30
PFJ-RC 40 29.2 19.88 96.1 8.58 529.8 0.3399 1.5 832 303 3.30
PFJ-R4 30 381 20.08 96.0 8.63 508.3 0.3248 2.4 8.37 294 3.10
PFJ-R3 20 43.2 20.72 94.1 8.39 445.3 0.2851 3.3 882 261 3.30
PFJ-R2 10 45.7 21.07 101.8 828 402.0 0.2574 4.1 9.06 263 3.00
PFJ-R1 0 50.2 21.15 104.0 9.19 373.2 0.2388 6.4 9.24 261 3.10
LE-A1 0 43.2 22.07 107.0 9.29 383.4 0.2460 3.2 9.80 249 3.10
LE-A2 10 44.5 2195 101.5 8.77 383.2 0.2454 1.9 9.68 262 2.60
LE-A3 20 40.6 22.29 84.0 7.27 378.0 0.2419 2.9 9.56 267 3.00
LE-A4 30 38.1 22.18 830 7.21 388.2 0.2484 1.4 939 274 3.00
LE-AC 40 38.1 2236 8&8 7.67 401.8 0.2571 1.5 9.29 276 2.80
LE-RC 40 38.1 22.36 888 7.67 401.8 0.2571 1.5 9.29 276 2.80
LE-R4 30 432 2232 90.2 7.82 400.0 0.2559 2.1 9.43 272 3.30
LE-R3 20 41.3 22.00 94.1 8.18 392.7 0.2513 1.5 963 264 3.20
LE-R2 10 41.3 21.80 95.6 8.35 388.4 0.2490 2.3 9.65 264 3.10
LE-R1 0 43.2 21.54 101.7 8.72 384.9 0.2461 3.3 9.64 279 3.00
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[ A P P E N D I X  E  ]
Environmental Data; Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL 804 N03 NH4 SRP s c o v BCOV
BP-A1 0 11 95 396 38.9 0.28 0.04 0.00 0 0
BP-A2 5 8 96 38.8 38.2 0.28 0.04 0.00 0 0
BP-A3 10 3 105 35.2 326 0.17 0.04 0.00 0 0
BP-A4 15 - 141 38.0 27.2 0.09 0.13 0.00 40 0
BP-R4 30 - 145 37.2 242 0.07 0.06 0.00 15 0
BP-R3 20 3 106 33.5 30.9 0.34 0.04 0.00 5 0
BP-R2 10 6 102 32.7 31.5 0.31 0.04 0.00 0 0
BP-R1 0 5 100.5 33.4 32.0 0.30 0.03 0.00 0 0
HISL-A1 0 - 79 6.3 14.8 0.08 0.03 0.00 0 0
HISL-A2 10 - - - - - - - 2.5 0
HISL-A3 20 - - - - - - - 92.5 0
HISL-AC 30 - 82 6.1 13.7 0.09 0.04 0.00 72.5 0
HiSL-RC 120 - 82 6.1 13.7 009 0.04 0.00 72.5 0
HISL-R4 90 - - - - - - - 0 0
HISL-R3 60 - - - - - - - 15 0
HISL-R2 30 - - - - - - - 0 0
HISL-R1 0 - 80 6.2 14.3 0.15 0.03 0.00 0 0
HT-S-A1 0 - 104 8.3 15.8 0.11 0.02 0.01 0 0
HT-S-A2 14 - - - - - - - 0 0
HT-S-AC 23 - 121 11.7 22.4 0.25 0.02 0.01 0 0
HT-N-AC 26 - 121 11.7 224 0.25 0.02 0.01 0 0
HT-N-A2 18 - - - - - - - 0 0
HT-N-A1 0 - 129 12.0 22.6 0.14 0.03 0.01 0 0
HT-E-R1 0 - - 11.6 21.9 0.27 0.01 0.00 0 0
HT-E-R2 12 - - - - - - - 0 0
HT-E-RC 36 - 121 11.7 22.4 0.25 0.02 0.01 0 0
STIG-A1 0 - 97 9.9 20.9 0.11 0.03 0.00 0 0
STIG-A2 20 - - - - - - - 0 0
STIG-A3 40 - - - - - - - 0 0
STIG-A4 60 - - - - - - - 30 0
STIG-R5 115 - - - - - - - 5 0
STIG-R4 95 - - - - - - - 5 0
STIG-R3 55 - - - - - - - 0 0
STIG-R2 25 - - - - - - - 0 0
STIG-R1 0 - 98 9.8 2&6 0.17 0.02 0.00 0 0
WP-A1 0 - 102 34.3 26.1 0.00 0.03 0.00 0 2.5
WP-A3 20 - - - - - - - 57.5 100
WP-A4 30 - - - - - - - 2.5 100
WP-AC 40 - 109 32.7 25.4 0.00 0.01 0.00 0 90
WP-RC 60 - 109 32.7 25.4 0.00 0.01 0.00 0 90
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[ APPENDIX E ]
Environmental Data; Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL 3 04 N03 NH4 SRP s c o v BCOV
WP-R6 50 0 90
WP-R5 40 - - - - - - - 10 90
WP-R4 30 - - - - - - - 100 100
WP-R3 20 - - - - - - - 2.5 70
WP-R2 10 - - - - - - - 3 5
WP-R1 0 5 98 335 26.1 0.00 0.02 0.00 0 80
M0S-A1 0 116 5.1 9.9 0.00 0.02 0.00 0 0
M0S-A2 10 - - - - - - - 7.5 100
M0S-A3 20 - - - - - - - 30 100
M0S-A4 30 - - - - - - - 27.5 100
M0S-A5 40 - - - - - - - 42.5 10
MOS-AC 50 - 101 5.7 12.7 0.00 0.02 0.00 5 27.5
MOS-RC 95 - 101 5.7 12.7 0.00 0.02 0.00 5 27.5
M0S-R6 85 - - - - - - - 42.5 90
M0S-R5 75 - - - - - - - 325 30
M0S-R4 65 - - - - - - - 5 30
M0S-R3 55 - - - - - - - 25 0
M0S-R2 30 - - - - - - - 30 0
M0S-R1 0 - 107 5.9 11.9 0.05 0.04 0.00 70 5
BP0-A1 0 - 180 31.4 74.6 5.14 042 0.00 0 20
BP0-A2 10 - - - - - - - 5 35
BP0-A3 20 - - - - - - - 15 50
BP0-A4 30 - - - - - - - 40 90
BPO-AC 40 - 196 2&3 65.9 0.89 0.02 0.00 2.5 5
BPO-RC 40 - 196 2&3 65.9 0.89 0.02 0.00 2.5 5
BP0-R4 30 - - - - - - - 10 80
BP0-R3 20 - - - - - - - 0 50
BP0-R2 10 - - - - - - - 2.5 7.5
BP0-R1 0 - 131 21.0 45.8 1.62 0.01 0.00 0 7.5
LW-A1 0 - 149 71.1 438 0.54 0.03 0.00 0 0
LW-A2 10 - - - - - - - 5 100
LW-A3 20 - - - - - - - 70 100
LW-A4 30 - - - - - - - 75 100
LW-AC 40 - 211 61.5 26.0 0.00 0.01 0.00 80 100
LW-RC 40 - 211 61.5 2&0 0.00 0.01 0.00 80 100
LW-R4 30 - - - - - - - 30 50
LW-R3 20 - - - - - - - 5 100
LW-R2 10 . - - - - - - - 0 5
LW-R1 0 - 159 56.3 384 0.23 0.01 0.00 0 0
WFP-A1 0 - 105 186 352 0.00 0.03 0.00 0 0
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[ APPENDIX E ]
Environmental Data: Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL 804 N03 NH4 SRP sco v BCOV
WFP-A2 10 10 10
WFP-A3 20 - - - - - - - 50 10
WFP-AC 30 - 156 21.5 332 0.00 0.02 0.00 15 925
WFP-RC 30 - 156 21.5 332 0.00 0.02 0.00 15 92.5
WFP-R3 20 - - - - - - - 12.5 60
WFP-R2 10 - - - - - - - 20 20
WFP-R1 0 - 106 18.4 34.9 0.00 0.03 0.00 0 12.5
MP-A1 0 - 179 91.7 79.7 0.58 0.06 0.00 0 0
MP-A2 10 - - - - - - - 7.5 50
MP-A3 20 - - - - - - - 10 50
MP-A4 30 - - - - - - - 10 100
MP-A5 40 - - - - - - - 15 100
MP-A6 50 - - - - - - - 10 45
MP-AC 60 - 167 54.9 67.1 0.00 0.04 0.00 15 40
MP-RC 50 - 167 54.9 67.1 0.00 0.04 0.00 15 40
MP-R5 40 - - - - - - - 0 5
MP-R4 30 - - - - - - - 0 10
MP-R3 20 - - - - - - - 0 5
MP-R2 10 - - - - - - - 0 5
MP-R1 0 - 135 26.6 50.8 0.00 0.09 0.00 0 0
LN-A1 0 - 104 41.7 297 0.56 0.05 0.00 0 15
LN-A2 10 - - - - - - - 0 10
LN-A3 20 - - - - - - - 0 10
LN-AC 30 17 119 37.2 262 0.22 0.03 0.00 0 10
LN-RC 50 17 119 37.2 262 0.22 0.03 0.00 0 10
LN-R5 40 - - - - - - - 0 10
LN-R4 30 - - - - - - - 0 10
LN-R3 20 - - - - - - - 0 5
LN-R2 10 - - - - - - - 0 5
LN-R1 0 - 105 62.2 30.1 0.58 0.05 0.00 0 5
NS-A1 0 - 112 38.2 24.0 0.32 0.04 0.00 0 20
NS-A2 10 - - - - - - - 0 35
NS-A3 20 - - - - - - - 0 35
NS-A4 30 - - - - - - - 0 35
NS-A5 40 - - - - - - - 0 35
NS-AC 50 - 115.5 38.4 233 0.33 0.03 0.00 0 40
NS-RC 50 - 115.5 38.4 233 0.33 0.03 0.00 0 40
NS-R5 40 - - - - - - 0 40
NS-R4 30 - - - - - - - 0 35
NS-R3 20 . - - - - - - 0 30
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[ APPENDIX E ]
Environmental Data; Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL 8 0 4 N 03 NH4 SRP scov BCOV
NS-R2 10 0 10
NS-R1 0 - 120.5 3&8 2 4 2 1.65 0.04 0.00 0 0
NN-A1 0 - 130 63.0 2 5 2 2.37 0.11 0.00 0 45
NN-A2 10 - - - - - - - 0 90
NN-A3 20 - - - - - - - 0 100
NN-A4 30 - - - - - - - 0 80
NN-AC 40 - 130 55.7 24.5 2.46 0.08 0.00 0 80
NN-RC 40 - 130 55.7 24.5 2.46 0.08 0.00 0 80
NN-R4 30 - - - - - - - 0 35
NN-R3 20 - - - - - - - 0 85
NN-R2 10 - - - - - - - 0 60
NN-R1 0 - 129 55.2 25.6 3.03 0.06 0.00 0 7.5
PS-A1 0 5.00 142 56.5 30.2 5.29 0.04 0.00 22.5 100
PS-A2 10 - - - - - - - 5 80
PS-A3 20 - - - - - - - 2.5 60
PS-A4 30 - - - - - - - 2.5 40
PS-A5 40 - - - - - - - 2.5 40
PS-AC 50 - 134 49.2 25.9 0.58 0.02 0.00 2.5 40
PS-RC 50 - 134 4 9 2 25.9 0.58 0.02 0.00 2.5 40
PS-R5 40 - - - - - - - 5 60
PS-R4 30 - - - - - - - 15 90
PS-R3 20 - - - - - - - 10 70
PS-R2 10 - - - - - - - 0 12.5
PS-R1 0 3 137 54.5 31.0 5.36 0.03 0.00 0 0
BPE-A1 0 - 163 22.7 56.4 11.36 0.09 0.05 0 5
BPE-A2 10 - - - - - - - 22.5 80
BPE-A3 20 - - - - - - - 10 80
BPE-A4 30 - - - - - - - 42.5 90
BPE-AC 40 - 215 20.4 59.7 14.90 0.08 0.06 38 95
BPE-RC 40 - 215 20.4 59.7 14.90 0.08 0.06 38 95
BPE-R4 30 - - - - - - - 10 90
BPE-R3 20 - - - - - - - 12.5 90
BPE-R2 10 - - - - - - - 0 5
BPE-R1 0 - 105 15.1 27.4 2.14 0.12 0.00 0 0
QW-A1 0 12 122 60.4 2 8 9 0.00 0.01 0.00 0 0
QW-A2 10 - - - - - - - 0 50
QW-A3 20 - - - - - - - 0 70
QW-A4 30 - - - - - - - 0 70
QW-A5 40 - - - - - - - 0 90
QW-AC 50 15 122 63 6 31.6 0.31 0.01 0.00 0 100
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[ A P P E N D I X  E  ]
Environmental Data; Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL S 0 4 N 03 NH4 SR P s c o v BCOV
QW-RC 50 15 122 63.6 31.6 0.31 0.01 0.00 0 100
QW-R5 40 - - - - - - - 0 80
QW-R4 30 - - - - - - - 0 42.5
QW-R3 20 - - - - - - - 0 40
QW-R2 10 - - - - - - - 0 10
QW-R1 0 15 131 56.0 31.1 0.76 0.01 0.00 0 0
PF-A1 0 - 139 49.5 321 5.43 0.03 0.00 0 0
PF-A2 10 - - - - - - - 0 40
PF-A3 20 - - - - - - - 0 35
PF-A4 30 - - - - - - - 0 35
PF-A5 40 - - - - - - - 0 40
PF-AC 50 - 152 50.9 34.1 4.93 0.03 0.00 0 52.5
PF-RC 50 - 152 50.9 34.1 4 9 3 0.03 0.00 0 52.5
PF-R5 40 - - - - - - - 0 50
PF-R4 30 - - - - - - - 0 5
PF-R3 20 - - - - - - - 0 5
PF-R2 10 - - - - - - - 0 2.5
PF-R1 0 - 136 46.7 34.1 4.21 0.03 0.00 0 2.5
W-A1 0 - 132 34.5 28.0 2 5 9 0.02 0.00 0 0
W-A2 10 - - - - - - - 0 5
W-A3 20 - - - - - - - 0 10
W-A4 30 - - - - - - - 0 50
W-AC 40 - 131 34.9 28.7 2 6 6 0.02 0.00 2.5 70
W-RC 40 - 131 34.9 28.7 2.66 0.02 0.00 2.5 70
W-R4 30 - - - - - - - 0 75
W-R3 20 - - - - - - - 0 60
W-R2 10 - - - - - - - 0 5
W-R1 0 - 133 32.3 2 8 0 2 jG 0.02 0.01 0 2.5
SI-A1 0 - 85 7.5 15.8 0.15 0.02 0.00 0 0
SI-A2 10 - - - - - - - 0 10
SI-A3 20 - - - - - - - 0 10
SI-A4 30 - - - - - - - 0 20
SI-A5 40 - - - - - - - 0 25
SI-AC 50 - 87 6.9 15.3 0.00 0.03 0.00 0 30
SI-RC 50 - 87 6.9 15.3 0.00 0.03 0.00 0 30
S IR S 40 - - - - - - - 0 30
SI-R4 30 - - - - - - - 30 40
SI-R3 20 - - - - - - . - 15 40
SI-R2 10 - - - - - - - 5 20
SI-R1 0 - 94 8.0 14.9 0.09 0.02 0.00 0 5
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[ APPENDIX E ]
Environmental Data: Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL S04 N03 NH4 SRP s c o v BCOV
HI-A1 0 73 4.7 11.0 0.11 0.03 0.00 0 5
HI-A2 10 - - - - - - - 7.5 5
HI-A3 20 - - - - - - - 7.5 5
HI-A4 30 - - - - - - - 2.5 5
HI-AC 40 - 71 0.9 0.2 0.00 0.03 0.00 10 5
HI-RC 40 - 71 0.9 0.2 0.00 003 0.00 10 5
HI-R4 30 - - - - - - - 10 5
HI-R3 20 - - - - - - - 0 5
HI-R2 10 - - - - - - - 0 5
HI-R1 0 - 71 4.6 11.3 0.17 0.05 0.00 0 0
UB-A1 0 - 74 5.2 11.4 0.00 0.03 0.00 0 0
UB-A2 10 - - - - - - - 5 0
UB-A3 20 . - - - - - - - 5 0
UB-A4 30 - - - - - - - 0 0
UB-AC 40 - 73 5.1 11.0 0.00 0.04 0.00 0 0
UB-RC 40 - 73 5.1 11.0 0.00 0.04 0.00 0 0
UB-R4 30 - - - - - - - 0 0
UB-R3 20 - - - - - - - 0 0
UB-R2 10 - - - - - - - 2.5 0
UB-R1 0 - 73 5.8 11.4 0.00 0.02 0.00 0 0
SB-A1 0 - 80 6.6 11.3 0.00 0.03 0.00 0 0
SB-A2 10 - - - - - - - 2.5 0
SB-A3 20 - - - - - - - 0 0
SB-A4 30 - - - - - - - 5 0
SB-A5 40 - - - - - - - 7.5 0
SB-AC 50 - 78 6.7 11.8 0.00 0.02 0.00 5 0
SB-RC 50 - 78 6.7 11.8 0.00 0.02 0,00 5 0
SB-R5 40 - - - - - - - 7.5 0
SB-R4 30 - - - - - - - 0 0
SB-R3 20 ■ - - - - - - - 0 0
SB-R2 10 - - - - - - - 0 0
SB-R1 0 - 77 11.4 11.8 0.00 0.02 0.00 0 0
NSJ-A1 0 3 97 42.0 29.4 0.51 0.06 0.00 0 20
NSJ-A2 10 - - - - - - - 0 35
NSJ-A3 20 - - - - - - - 0 35
NSJ-A4 30 - - - - - - - 0 40
NSJ-AC 40 - 91 37.0 27.8 0.49 0.03 0.00 0 40
NSJ-RC 40 - 91 37.0 278 0.49 0.03 0.00 0 . 40
NSJ-R4 30 - - - - - - - 2.5 30
NSJ-R3 20 - - - - - - - 0 0
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[ APPENDIX E ]
Environmental Data; Phenolthalene Alkalinity -  Benthic Organic Cover
TRAP DIST PHE ALK CL 8 0 4 N 03 NH4 SR P s c o v BCOV
NSJ-R2 10 2.5 0
NSJ-R1 0 6 83 35.7 28.1 0 6 3 0.02 0.00 0 0
PFJ-A1 0 3 114 50.6 3 2 6 0.58 0.01 0.00 0 0
PFJ-A2 10 - - - - - - - 0 10
PFJ-A3 20 - - - - - - - 0 5
PFJ-A4 30 - - - - - - - 0 5
PFJ-AC 40 - 143 55.3 32.5 0.32 0.02 0.00 15 55
PFJ-RC 40 - 143 55.3 3 2 5 0 3 2 0.02 0.00 15 55
PFJ-R4 30 - - - - - - - 0 7.5
PFJ-R3 20 - - - - - - - 0 5
PFJ-R2 10 - - - - - - - 0 2.5
PFJ-R1 0 6 91 3&8 2&0 0.41 0.02 0.00 0 10
LE-A1 0 12 75. 47.2 333 0.94 0.03 0.00 0 22.5
LE-A2 10 - - - - - - - 0 50
LE-A3 20 - - - - - - - 0 50
LE-A4 30 - - - - - - - 2.5 30
LE-AC 40 5 85 44.3 31.4 0.80 0.03 0.00 0 50
LE-RC 40 5 85 44.3 31.4 0.80 0.03 0.00 0 50
LE-R4 30 - - - - - - - 0 60
LE-R3 20 - - - - - - - 0 45
LE-R2 10 - - - - - - - 0 15
LE-R1 0 10 76 45.7 3 2 3 0.88 0.03 0.00 0 5
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUN
BP-A1 0 0 0 0 0 0 0 0 0 0 0 0
BP-A2 5 65 0 0 0 0 0 0 0 0 0 65
BP-A3 10 105 0 0 0 0 0 0 0 0 0 105
BP-A4 15 85 0 0 220 0 0 2 21 0 0 328
BP-R4 30 101 0 0 0 0 0 0 0 0 0 101
BP-R3 20 70 0 0 0 0 0 0 0 0 0 70
BP-R2 10 12 0 0 0 0 0 0 0 0 0 12
BP-R1 0 0 0 0 0 0 0 0 0 0 0 0
HISL-A1 0 53 0 0 0 0 0 0 0 0 0 53
HISL-A2 10 57 0 0 0 0 0 0 0 0 0 57
HISL-A3 20 39 0 0 0 0 0 0 0 0 0 39
HISL-AC 30 70 0 0 0 0 0 0 0 0 0 70
HISL-RC 120 70 0 0 0 0 0 0 0 0 0 70
HISL-R4 90 14 0 0 0 0 0 0 0 0 0 14
HISL-R3 60 64 0 0 0 0 0 0 0 0 0 64
HISL-R2 30 10 0 0 0 0 0 0 0 0 0 10
HISL-R1 0 0 0 0 0 0 0 0 0 0 0 0
HT-S-A1 0 12 0 0 0 0 0 0 0 0 0 12
HT-S-A2 14 28 0 0 0 0 0 0 0 0 0 28
HT-S-AC 23 32 0 0 0 0 0 0 0 0 0 32
HT-N-AC 26 32 0 0 0 0 0 0 0 0 0 32
HT-N-A2 18 56 0 0 0 0 0 0 0 0 0 56
HT-N-A1 0 7 0 0 0 0 0 0 0 0 0 7
HT-E-R1 0 2 0 0 0 0 0 0 0 0 0 2
HT-E-R2 12 43 0 0 0 0 0 0 0 0 0 43
HT-E-RC 36 32 0 0 0 0 0 0 0 0 0 32
STIG-A1 0 8 0 0 0 0 0 0 0 0 0 8
STIG-A2 20 30 0 0 0 0 0 0 0 0 0 30
STIG-A3 40 24 0 0 0 0 0 0 0 0 0 24
STIG-A4 60 35 0 0 0 .0 0 0 0 0 0 35
STIG-R5 115 43 0 0 0 0 0 0 0 0 0 43
STIG-R4 95 60 0 0 0 0 0 0 0 0 0 60
STIG-R3 55 48 0 0 0 0 0 0 0 0 0 48
STIG-R2 25 6 0 0 0 0 0 0 0 0 0 6
STIG-R1 0 1 0 0 0 0 0 0 0 0 0 1
WP-A1 0 0 0 105 0 0 0 0 0 0 0 105
WP-A3 20 180 0 0 0 0 0 0 0 0 0 180
WP-A4 30 120 30 3 150 0 0 0 0 0 0 303
WP-AC 40 75 0 0 60 160 2 1 0 0 0 298
WP-RC 60 75 0 0 60 160 2 1 0 0 0 298
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUN
WP-R6 50 100 0 0 300 20 0 0 0 0 0 420
WP-R5 40 110 0 0 300 0 1 0 0 0 0 411
WP-R4 30 0 0 0 0 0 0 0 0 0 0 0
WP-R3 20 180 0 2 0 0 0 0 0 0 0 182
WP-R2 10 47 0 0 0 0 0 0 0 0 0 47
WP-R1 0 1 0 0 0 0 0 0 0 0 0 1
M0S-A1 0 20 0 0 0 0 0 0 0 0 0 20
M0S-A2 10 44 0 0 0 0 0 0 0 0 5 49
M0S-A3 20 0 0 0 0 0 0 0 0 0 13 13
M 0S-A4 30 5 0 0 0 0 0 0 0 0 16 21
M0S-A5 40 3 0 0 0 0 0 0 0 0 18 21
MOS-AC 50 0 0 0 2 0 0 0 0 4 4 10
MOS-RC 95 0 0 0 2 0 0 . 0 0 4 4 10
M 0S-R6 85 14 0 0 1 0 0 0 0 0 13 28
M 0S-R5 75 4 0 0 2 0 0 0 0 0 14 20
M 0S-R4 65 91 0 0 0 0 0 0 0 0 3 94
M 0S-R3 55 15 0 0 1 0 0 0 0 0 11 27
M0S-R2 30 10 0 0 0 0 0 0 0 0 10 20
M0S-R1 0 0 0 0 0 0 0 0 0 0 23 23
BP0-A1 0 24 2 0 0 0 0 0 0 0 0 26
BP0-A2 10 95 0 0 0 0 0 0 0 0 0 95
BP0-A3 20 90 0 0 0 0 0 0 7 0 0 97
B P0-A 4 30 7 45 0 0 0 0 0 0 0 0 52
BPO-AC 40 78 2 0 0 0 0 0 0 0 0 80
BPO-RC 40 78 2 0 0 0 0 0 0 0 0 80
B P0-R 4 30 0 70 0 0 0 0 0 0 0 0 70
BP0-R 3 20 25 0 0 40 0 0 0 0 0 0 65
BP0-R 2 10 25 3 0 0 0 0 0 0 0 0 28
BP0-R1 0 45 0 0 0 0 0 0 0 0 0 45
LW-A1 0 28 0 0 0 0 0 0. 0 0 0 28
LW-A2 10 40 0 0 0 0 0 0 0 0 0 40
LW-A3 20 60 0 0 0 0 0 0 0 0 0 60
LW-A4 30 75 0 0 0 0 0 0 0 0 0 75
LW-AC 40 120 15 0 0 0 0 0 0 0 0 135
LW-RC 40 120 15 0 0 0 0 0 0 0 0 135
LW-R4 30 65 1 0 0 0 0 0 0 0 0 66
LW-R3 20 65 0 0 0 0 0 0 0 0 0 65
LW-R2 10 60 0 0 0 0 0 0 0 0 0 60
LW-R1 0 35 0 0 0 0 0 0 0 0 0 35
WFP-A1 0 20 0 0 0 0 0 0 0 0 0 20
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUN
WFP-A2 10 95 0 0 0 0 0 0 0 0 0 95
WFP-A3 20 110 0 0 0 0 0 0 1 0 0 111
WFP-AC 30 84 1 0 0 0 0 0 1 0 0 86
WFP-RC 30 84 1 0 0 0 0 0 1 0 0 86
W FP-R3 20 80 3 0 0 0 0 0 0 0 0 83
WFP-R2 10 95 0 0 0 0 0 0 0 0 0 95
WFP-R1 0 50 0 0 0 0 0 0 0 0 0 50
MP-A1 0 0 0 0 0 0 0 0 0 0 0 0
MP-A2 10 10 29 0 0 0 0 0 0 0 0 39
MP-A3 20 45 42 0 0 0 0 0 0 0 0 87
MP-A4 30 60 40 0 0 0 0 0 0 0 0 100
MP-A5 40 53 31 2 0 0 0 0 0 0 0 86
MP-A6 50 80 0 0 0 0 0 0 0 . 0 0 80
MP-AC 60 100 0 0 0 0 0 0 0 0 0 100
MP-RC 50 100 0 0 0 0 0 0 0 0 0 100
MP-R5 40 30 0 0 0 0 0 0 0 0 0 30
MP-R4 30 11 0 0 0 0 0 0 0 0 0 11
MP-R3 20 45 0 0 0 0 0 0 0 0 0 45
MP-R2 10 0 0 0 0 0 0 0 0 0 0 0
MP-R1 0 35 0 0 0 0 0 0 0 0 0 35
LN-A1 0 79 0 0 0 0 0 0 0 0 0 79
LN-A2 10 125 0 0 0 0 0 0 0 0 0 125
LN-A3 20 23 0 0 0 0 0 0 0 0 0 23
LN-AC 30 91 0 0 0 0 0 0 0 0 0 91
LN-RC 50 91 0 0 0 0 0 0 0 0 0 91
LN-R5 40 36 0 0 0 0 0 0 0 0 0 36
LN-R4 30 91 0 0 0 0 0 0 0 0 0 91
LN-R3 20 78 0 0 0 0 0 0 0 0 0 78
LN-R2 10 25 0 0 0 0 0 0 0 0 0 25
LN-R1 0 4 0 0 0 0 0 0 0 0 . 0 4
NS-A1 0 36 0 0 0 0 0 0 0 0 0 36
NS-A2 10 103 0 0 0 0 0 0 0 0 0 103
NS-A3 20 106 0 0 0 0 0 0 0 0 0 106
NS-A4 30 121 0 0 0 0 0 0 0 0 0 121
NS-A5 40 125 0 0 0 0 0 0 0 0 0 125
NS-AC 50 142 0 0 0 0 0 0 0 0 0 142
NS-RC 50 142 0 0 0 0 0 0 0 0 0 142
NS-R5 40 126 0 0 0 0 0 0 0 0 0 126
NS-R4 30 94 0 0 0 0 0 0 0 0 0 94
NS-R3 20 82 0 0 0 0 0 0 0 0 0 82
1 2 2
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUN
NS-R2 10 95 0 0 0 0 0 0 0 0 0 95
NS-R1 0 8 0 0 0 0 0 0 0 0 0 8
NN-A1 0 2 0 0 0 0 0 0 0 0 0 2
NN-A2 10 145 0 0 0 0 0 0 0 0 0 145
NN-A3 20 140 0 0 0 0 0 0 0 0 0 140
NN-A4 30 76 0 0 0 0 0 0 0 0 0 76
NN-AC 40 33 0 0 0 0 0 0 0 0 0 33
NN-RC 40 33 0 0 0 0 0 0 0 0 0 33
NN-R4 30 38 0 0 0 0 0 0 0 0 0 38
NN-R3 20 50 0 0 0 0 0 0 0 0 0 50
NN-R2 10 77 0 0 0 0 0 0 0 0 0 77
NN-R1 0 40 0 0 0 0 0 0 0 0 0 40
PS-A1 0 43 0 0 0 0 0 0 0 0 0 43,
PS-A2 10 160 0 0 0 0 0 0 0 0 0 160
PS A3 20 205 0 0 0 0 0 0 0 0 0 205
PS-A4 30 178 0 0 0 0 0 0 0 0 0 178
PS-A5 40 168 0 0 0 0 0 0 0 0 0 168
PS-AC 50 175 0 0 0 0 0 0 0 0 0 175
PS-RC 50 175 0 0 0 0 0 0 0 0 0 175
PS-R5 40 173 0 0 0 0 0 0 0 0 0 173
PS-R4 30 120 0 0 0 0 0 0 0 0 0 120
PS-R3 20 45 0 0 0 0 0 0 0 0 0 45
PS-R2 10 36 0 0 0 0 0 0 0 0 0 36
PS-R1 0 5 0 0 0 0 0 0 0 0 0 5
BPE-A1 0 40 3 0 0 0 0 0 0 0 0 43
BPE-A2 10 85 0 0 0 0 0 0 7 0 0 92
BPE-A3 20 138 7 0 0 0 0 0 8 0 0 153
BPE-A4 30 155 5 0 0 0 0 0 0 0 0 160
BPE-AC 40 155 0 0 0 0 0 0 0 0 0 155
BPE-RC 40 155 0 0 0 0 0 0 0 0 0 155
BPE-R4 30 123 0 0 0 0 0 0 0 0 0 123
BPE-R3 20 95 0 0 0 0 0 0 0 0 0 95
BPE-R2 10 115 0 0 0 0 0 0 0 0 0 115
BPE-R1 0 5 0 0 0 0 0 0 0 0 0 5
QW-A1 0 0 0 0 0 0 0 0 0 0 0 0
QW-A2 10 67 0 0 0 0 0 0 0 0 0 67
QW-A3 20 75 1 0 0 0 0 0 0 0 0 76
QW-A4 30 70 1 0 0 0 0 0 0 0 0 71
QW-A5 40 78 0 0 0 0 0 0 0 0 0 78
QW-AC 50 84 0 0 0 0 0 0 0 0 0 84
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUN
QW-RC 50 84 0 0 0 0 0 0 0 0 0 84
QW-R5 40 80 0 0 0 0 0 0 0 0 0 80
QW-R4 30 73 0 0 0 0 0 0 0 0 0 73
QW-R3 20 38 0 0 0 0 0 0 0 0 0 38
QW-R2 10 30 0 0 0 0 0 0 0 0 0 30
QW-R1 0 3 0 0 0 0 0 0 0 0 0 3
PF-A1 0 1 0 0 0 0 0 0 0 0 0 1
PF-A2 10 132 0 0 0 0 0 0 0 0 0 132
PF-A3 20 160 0 0 0 0 0 0 0 0 0 160
PF-A4 30 174 0 0 0 0 0 0 0 0 0 174
PF-A5 40 194 0 0 0 0 0 0 0 0 0 194
PF-AC 50 220 0 0 0 0 0 0 0 0 0 220
PF-RC 50 220 0 0 0 0 0 0 0 0 0 220
PF-R5 40 138 0 0 0 0 0 0 0 0 0 138
PF-R4 30 87 0 0 0 0 0 0 0 0 0 87
PF-R3 20 48 0 0 0 0 0 0 0 0 0 48
PF-R2 10 51 0 0 0 0 0 0 0 0 0 51
PF-R1 0 3 0 0 0 0 0 0 0 0 0 3
W-A1 0 28 0 0 0 0 0 0 0 0 0 28
W-A2 10 124 0 0 0 0 0 0 0 0 0 124
W-A3 20 128 0 0 0 0 0 0 0 0 0 128
W-A4 30 138 0 0 0 0 0 0 0 0 0 138
W-AC 40 174 0 0 0 0 0 0 0 0 0 174
W-RC 40 174 0 0 0 0 0 0 0 0 0 174
W-R4 30 162 0 0 0 0 0 0 0 0 0 162
W-R3 20 96 0 0 0 0 0 0 0 0 0 96
W-R2 10 47 0 0 0 0 0 0 0 0 0 47
W-R1 0 7 0 0 0 0 0 0 0 0 0 7
SI-A1 0 6 0 0 0 0 0 0 0 0 0 6
SI-A2 10 31 0 0 0 0 0 0 0 0 0 31
SI-A3 20 36 0 0 0 0 0 0 0 0 0 36
SI-A4 30 55 0 0 0 0 0 0 0 0 0 55
SI-A5 40 44 0 0 0 0 0 0 0 0 0 44
SI-AC 50 40 0 0 0 0 0 0 0 0 0 40
SI-RC 50 40 0 0 0 0 0 0 0 0 0 40
SI-R5 40 32 0 0 0 0 0 0 0 0 0 32
SI-R4 30 50 0 0 0 0 0 0 0 0 0 50
SI-R3 20 59 0 0 0 0 0 0 0 0 0 59
SI-R2 10 36 0 0 0 0 0 0 0 0 0 36
SI-R1 0 0 0 0 0 0 0 0 0 0 0 0
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUNI
HI-A1 0 4 0 0 0 0 0 0 0 0 0 4
HI-A2 10 19 0 0 0 0 0 0 0 0 5 24
H1-A3 20 6 0 0 0 0 0 0 0 0 4 10
HI-A4 30 21 0 0 0 0 0 0 0 0 1 22
HI-AC 40 18 0 0 0 0 0 0 0 0 4 22
HI-RC 40 18 0 0 0 0 0 0 0 0 4 22
HI-R4 30 18 0 0 0 0 0 0 0 0 3 21
HI-R3 20 21 0 0 0 0 0 0 0 0 0 21
HI-R2 10 3 0 0 0 0 0 0 0 0 0 3
HI-R1 0 6 0 0 0 0 0 0 0 0 0 6
UB-A1 0 8 0 0 0 0 0 0 0 0 0 8
UB-A2 10 23 0 0 0 0 0 0 0 0 0 23
UB-A3 20 28 0 0 0 0 0 0 0 0 0 28
UB-A4 30 24 0 0 0 0 0 0 0 0 0 24
UB-AC 40 35 0 0 0 0 0 0 0 0 0 35
UB-RC 40 35 0 0 0 0 0 0 0 0 0 35
UB-R4 30 19 0 0 0 0 0 0 0 0 0 19
UB-R3 20 20 0 0 0 0 0 0 0 0 0 20
UB-R2 10 4 0 0 0 0 0 0 0 0 0 4
UB-R1 0 4 0 0 0 0 0 0 0 0 0 4
SB-A1 0 5 0 0 0 0 0 0 0 0 0 5
SB-A2 10 22 0 0 0 0 0 0 0 0 0 22
SB-A3 20 23 0 0 0 0 0 0 0 0 0 23
SB-A4 30 27 0 0 0 0 0 0 0 0 0 27
SB-A5 40 23 0 0 0 0 0 0 0 0 0 23
SB-AC 50 41 0 0 0 0 0 0 0 0 0 41
SB-RC 50 41 0 0 0 0 0 0 0 0 0 41
SB-R5 40 36 0 0 0 0 0 0 0 0 0 36
SB-R4 30 47 0 0 0 0 0 0 0 0 0 47
SB-R3 20 45 0 0 0 0 0 0 0 0 0 45
SB-R2 10 6 0 0 0 0 0 0 0 0 0 6
SB-R1 0 12 0 0 0 0 0 0 0 0 0 12
NSJ-A1 0 15 0 0 0 0 0 0 0 0 0 15
NSJ-A2 10 75 0 0 0 0 0 0 0 0 0 75
NSJ-A3 20 83 0 0 0 0 0 0 0 0 0 83
NSJ-A4 30 215 0 0 0 0 0 0 0 0 0 215
NSJ-AC 40 250 0 0 0 0 0 0 0 0 0 250
NSJ-RC 40 250 0 0 0 0 0 0 0 0 0 250
NSJ-R4 30 180 0 0 0 0 0 0 0 0 0 180
NSJ-R3 20 92 0 0 0 0 0 0 0 0 0 92
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[ APPENDIX F ]
Plant Data
TRAP DIST SCH TYP SAG HER JUN PLS SHR PHR SPA LIL
STEM
COUNT
NSJ-R2 10 65 0 0 0 0 0 0 0 0 0 65
NSJ-R1 0 2 0 0 0 0 0 0 0 0 0 2
PFJ-A1 0 5 0 0 0 0 0 0 0 0 0 5
PFJ-A2 10 84 0 0 0 0 0 0 0 0 0 84
PFJ-A3 20 101 0 0 0 0 0 0 0 0 0 101
PFJ-A4 30 119 0 0 0 0 0 0 0 0 0 119
PFJ-AC 40 125 0 0 0 0 0 0 0 0 0 125
PFJ-RC 40 125 0 0 0 0 0 0 0 0 0 125
PFJ-R4 30 100 0 0 0 0 0 0 0 0 0 100
PFJ-R3 20 83 0 0 0 0 0 0 0 0 0 83
PFJ-R2 10 66 0 0 0 0 0 0 0 0 0 66
PFJ-R1 0 5 0 0 0 0 0 0 0 0 0 5
LE-A1 0 3 0 0 0 0 0 0 0 0 0 3
LE-A2 10 31 0 0 0 0 0 0 0 0 0 31
LE-A3 20 70 0 0 0 0 0 0 0 0 0 70
LE-A4 30 131 0 0 0 0 0 0 0 0 0 131
LE-AC 40 101 0 0 0 0 0 0 0 0 0 101
LE-RC 40 101 0 0 0 0 0 0 0 0 0 101
LE-R4 30 74 0 0 0 0 0 0 0 0 0 74
LE-R3 20 62 0 0 0 0 0 0 0 0 0 62
LE-R2 10 43 0 0 0 0 0 0 0 0 0 43
LE-R1 0 7 0 0 0 0 0 0 0 0 0 7
1 2 6
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[ APPENDIX G ]
Larval Fish Data: Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
BP-A1 0 0 0 0 0 1 0 0 0 0 0 0
BP-A2 5 0 0 0 0 0 0 0 0 0 0 0
BP-A3 10 0 0 0 0 0 0 0 0 0 0 0
BP-A4 15 0 0 0 0 0 0 0 0 0 0 0
BP-R4 30 0 0 0 0 0 0 0 0 0 0 0
BP-R3 20 0 0 0 0 0 0 0 0 0 0 0
BP-R2 10 0 0 0 0 0 0 0 0 0 0 0
BP-R1 0 0 0 0 0 0 0 0 0 0 0 0
HISL-A1 0 0 0 0 0 1 0 3 0 0 0 0
HISL-A2 10 0 0 0 0 0 0 1 0 0 0 0
HISL-A3 20 0 0 0 0 0 0 0 0 0 0 0
HISL-AC 30 0 0 0 0 0 0 0 0 0 0 0
HISL-RC 120 0 0 0 0 0 0 0 0 0 0 0
HISL-R4 90 0 0 0 0 1 0 0 0 0 0 0
HISL-R3 60 0 0 0 0 0 0 0 0 0 0 0
HISL-R2 30 0 0 0 0 0 0 0 0 0 0 0
HISL-R1 0 0 0 0 0 0 0 0 0 1 0 0
HT-S-A1 0 0 0 0 0 0 0 0 0 0 0 0
HT-S-A2 14 0 0 0 0 0 0 0 0 0 0 0
HT-S-AC 23 0 0 0 0 0 0 0 0 0 0 0
HT-N-AC 26 0 0 0 0 0 0 0 0 0 0 0
HT-N-A2 18 0 0 0 0 0 0 0 0 0 0 0
HT-N-A1 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-R1 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-R2 12 0 0 0 0 0 0 0 0 0 0 0
HT-E-RC 36 0 0 0 0 0 0 0 0 0 0 0
STIG-A1 0 0 0 0 0 0 0 0 0 1 0 0
STIG-A2 20 0 0 0 0 0 0 0 0 1 0 0
STIG-A3 40 0 0 0 0 3 0 0 0 0 0 44
STIG-A4 60 0 0 0 0 0 0 0 0 0 0 5
STIG-R5 115 0 0 0 0 0 0 0 0 0 0 29
STIG-R4 95 0 0 0 0 0 0 0 0 0 0 32
STIG-R3 55 0 0 0 0 0 0 0 0 0 0 0
STIG-R2 25 0 1 0 0 0 0 0 0 0 0 0
STIG-R1 0 0 0 0 0 0 0 0 0 0 0 0
WP-A1 0 0 0 0 0 0 0 0 0 0 0 0
WP-A3 20 0 0 0 0 0 0 0 0 0 0 0
. WP-A4 30 0 0 0 0 0 0 0 0 0 0 0
WP-AC 40 0 0 0 0 0 0 0 0 0 0 0
WP-RC 60 0 0 0 0 0 0 0 0 0 0 0
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[ APPENDIX G ]
Larval Fish Data: Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
WP-R6 50 0 0 0 0 0 0 0 0 0 0 0
WP-R5 40 0 0 0 0 0 0 0 0 0 0 0
WP-R4 30 0 0 0 0 0 0 0 0 0 0 0
WP-R3 20 0 0 0 0 0 0 0 0 0 0 0
WP-R2 10 0 0 0 0 0 0 0 0 0 0 0
WP-R1 0 0 0 0 0 0 0 0 0 0 0 0
M0S-A1 0 0 0 0 0 1 0 0 0 0 0 0
M0S-A2 10 0 0 0 0 0 0 0 0 0 0 0
M0S-A3 20 0 0 0 0 1 0 0 0 0 0 0
M0S-A4 30 0 0 0 0 2 0 0 0 0 0 0
M0S-A5 40 0 0 0 0 1 0 0 0 0 0 0
MOS-AC 50 0 0 0 0 2 0 1 0 0 0 0
MOS-RC 95 0 0 0 0 2 0 1 0 0 0 0
M 0S-R6 85 0 0 0 0 1 0 0 0 0 0 0
M 0S-R5 75 0 0 0 0 0 0 1 0 0 0 0
M 0S-R4 65 0 0 0 0 0 0 1 0 0 0 0
M 0S-R3 55 0 0 0 0 1 0 0 0 0 0 0
M0S-R2 30 0 0 0 0 0 0 0 0 0 0 0
M0S-R1 0 0 0 0 0 2 0 0 0 0 0 0
BP0-A1 0 0 0 0 0 0 0 0 0 0 0 0
BP0-A2 10 0 0 0 0 0 0 0 0 0 0 0
BP0-A 3 20 0 0 0 0 0 0 0 0 0 0 0
BP0-A 4 30 0 0 0 0 0 0 0 0 0 0 0
BPO-AC 40 0 0 0 0 0 0 0 0 0 0 0
BPO-RC 40 0 0 0 0 0 0 0 0 0 0 0
B P0-R 4 30 0 0 0 0 0 0 0 0 0 0 0
B P0-R 3 20 0 0 0 0 0 0 0 0 0 0 0
B P0-R 2 10 0 0 0 0 0 0 0 0 0 0 0
BP0-R1 0 0 0 0 0 0 0 0 0 0 0 0
LW-A1 0 0 0 0 0 0 0 0 0 0 0 0
LW-A2 10 0 0 0 0 0 0 0 0 0 0 0
LW-A3 20 0 0 0 0 0 0 0 0 0 0 0
LW-A4 30 0 0 0 0 0 0 0 0 0 0 0
LW-AC 40 0 0 0 0 0 0 0 0 0 0 0
LW-RC 40 0 0 0 0 0 0 0 0 0 0 0
LW-R4 30 0 0 0 0 0 0 0 0 0 0 0
LW-R3 20 0 0 0 0 0 0 0 0 0 0 0
LW-R2 10 . 0 0 0 0 0 0 0 0 0 0 0
LW-R1 0 0 0 0 0 0 0 0 0 0 0 0
WFP-A1 0 0 0 0 0 0 0 0 0 0 0 0
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[ A P P E N D I X  G  ]
Larval Fish Data; Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
WFP-A2 10 0 0 0 0 0 0 0 0 0 0 0
WFP-A3 20 0 0 0 0 0 0 0 0 0 0 0
WFP-AC 30 0 0 0 0 0 0 0 0 0 0 0
WFP-RC 30 0 0 0 0 0 0 0 0 0 0 0
WFP-R3 20 0 0 0 0 0 0 0 0 0 0 0
WFP-R2 10 0 0 0 0 0 0 0 0 0 0 0
WFP-R1 0 0 0 0 0 0 0 0 0 0 0 0
MP-A1 0 0 0 0 0 0 0 0 0 0 0 0
MP-A2 10 0 0 0 0 0 0 0 0 0 0 0
MP-A3 20 0 0 0 0 0 0 0 0 0 0 0
MP-A4 30 0 0 0 0 0 0 0 0 0 0 0
MP-A5 40 0 0 0 0 0 0 0 0 0 0 0
MP-A6 50 0 0 0 0 0 0 0 0 0 0 0
MP-AC 60 0 0 0 0 0 0 0 0 0 0 1
MP-RC 50 0 0 0 0 0 0 0 0 0 0 1
MP-R5 40 0 0 0 0 0 0 0 0 0 0 0
MP-R4 30 0 0 0 0 0 0 0 0 0 0 0
MP-R3 20 0 0 0 0 0 0 0 0 0 0 0
MP-R2 10 0 0 0 0 0 0 0 0 0 0 0
MP-R1 0 0 0 0 0 0 0 0 0 0 0 0
LN-A1 0 0 0 0 0 0 0 0 0 0 0 9
LN-A2 10 0 0 0 1 0 0 0 0 0 0 2
LN-A3 20 0 0 0 1 0 0 0 0 0 0 1
LN-AC 30 0 0 0 2 0 0 0 0 0 0 0
LN-RC 50 0 0 0 2 0 0 0 0 0 0 0
LN-R5 40 0 0 0 0 0 0 0 0 0 0 4
LN-R4 30 0 0 0 0 0 0 0 0 0 0 3
LN-R3 20 0 0 0 0 0 0 0 0 0 0 2
LN-R2 10 0 0 0 0 0 0 0 0 0 0 0
LN-R1 0 0 0 0 0 0 0 0 0 0 0 0
NS-A1 0 0 0 0 0 0 1 0 31 0 0 0
NS-A2 10 0 0 0 0 0 2 0 14 0 0 14
NS-A3 20 0 0 0 0 0 1 0 17 0 0 14
NS-A4 30 0 0 0 0 0 0 0 14 0 0 27
NS-A5 40 0 0 0 0 0 0 0 82 0 0 5
NS-AC 50 0 0 0 0 0 0 0 95 0 0 6
NS-RC 50 0 0 0 0 0 0 0 95 0 0 6
NS-R5 40 0 0 0 0 0 0 0 101 0 0 2
NS-R4 30 0 0 0 0 0 0 0 9 0 0 0
NS-R3 20 0 0 0 0 0 0 0 9 0 0 0
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[ APPENDIX G ]
Larval Fish Data: Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
NS-R2 10 0 0 0 0 0 0 0 5 0 0 0
NS-R1 0 0 0 0 0 0 0 0 9 0 0 0
NN-A1 0 0 0 0 0 0 0 0 0 0 0 0
NN-A2 10 0 0 0 0 0 0 0 3 0 0 0
NN-A3 20 0 0 0 0 0 0 0 3 0 0 1
NN-A4 30 0 0 0 0 0 0 0 3 0 0 3
NN-AC 40 0 0 0 0 0 1 0 2 0 0 3
NN-RC 40 0 0 0 0 0 1 0 2 0 0 3
NN-R4 30 0 0 0 0 0 0 0 1 0 0 3
NN-R3 20 0 0 0 0 0 0 0 9 0 0 0
NN-R2 10 0 0 0 0 0 0 0 1 0 0 0
NN-R1 0 0 0 0 0 0 0 0 0 0 0 0
PS-A1 0 0 0 0 0 0 0 0 0 0 9 64
PS-A2 10 0 0 0 0 0 0 0 0 0 0 78
PS-A3 20 0 0 0 0 0 2 0 0 0 0 112
PS-A4 30 0 0 0 0 0 0 0 0 0 0 130
PS-A5 40 0 0 0 0 0 0 0 0 0 0 133
PS-AC 50 0 0 0 0 0 1 0 0 0 0 158
PS-RC 50 0 0 0 0 0 1 0 0 0 0 158
PS-R5 40 0 0 0 0 0 0 0 1 0 0 143
PS-R4 30 0 0 0 0 0 0 0 1 0 0 52
PS-R3 20 0 0 0 0 0 0 0 1 0 0 8
PS-R2 10 0 0 0 0 0 0 0 0 0 1 0
PS-R1 0 0 0 0 0 0 0 0 0 0 3 0
BPE-A1 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A2 10 0 0 0 0 0 0 0 0 0 0 0
BPE-A3 20 0 0 0 0 0 0 0 0 0 0 11
BPE-A4 30 0 0 0 0 0 0 0 0 0 0 25
BPE-AC 40 0 0 0 0 0 0 0 0 0 0 8
BPE-RC 40 0 0 0 0 0 0 0 0 0 0 8
BPE-R4 30 0 0 0 0 0 0 0 0 0 0 12
BPE-R3 20 0 0 0 0 0 0 0 0 0 0 0
BPE-R2 10 0 0 0 0 0 0 0 0 0 0 0
BPE-R1 0 0 0 0 0 0 0 0 0 0 0 0
QW-A1 0 0 0 0 0 0 0 0 0 0 52 42
QW-A2 10 0 0 1 0 0 0 0 0 0 45 145
QW-A3 20 1 3 2 0 3 0 0 0 0 33 159
QW-A4 30 0 4 1 0 , 4 0 0 0 0 45 165
QW-A5 40 1 2 3 0 0 0 0 0 0 23 209
QW-AC 50 0 7 2 0 0 0 0 0 0 31 207
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[ APPENDIX G ]
Larval Fish Data: Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
QW-RC 50 0 7 2 0 0 0 0 0 0 31 207
QW-R5 40 0 0 0 0 0 0 0 0 0 36 37
QW-R4 30 1 0 0 0 0 0 0 0 0 10 4
QW-R3 20 0 0 0 0 0 0 0 0 0 13 3
QW-R2 10 0 0 0 0 0 0 0 0 0 2 0
QW-R1 0 0 0 0 0 0 0 0 0 0 1 0
PF-A1 0 0 0 0 0 0 0 0 0 0 8 6
PF-A2 10 0 0 0 0 0 0 0 0 0 5 1
PF-A3 20 0 0 0 0 0 0 0 0 0 2 2
PF-A4 30 0 0 0 0 0 0 0 0 0 a 5
PF-A5 40 0 0 0 0 0 0 0 0 0 5 18
PF-AC 50 0 0 0 0 0 0 0 0 0 4 0
PF-RC 50 0 0 0 0 0 0 0 0 0 4 0
PF-R5 40 0 0 0 0 0 0 0 0 0 7 7
PF-R4 30 0 0 0 0 0 0 0 0 0 18 1
PF-R3 20 0 0 0 1 2 0 0 0 0 10 3
PF-R2 10 0 0 0 1 2 0 0 1 0 4 1
PF-R1 0 0 0 0 0 0 0 0 0 0 3 0
W-A1 0 0 0 0 0 0 0 0 0 0 3 0
W-A2 10 0 0 0 0 0 0 0 0 0 0 1
W-A3 20 0 0 0 0 0 0 0 0 0 1 0
W-A4 30 0 0 0 0 0 0 0 0 0 0 0
W-AC 40 0 0 0 0 0 0 0 0 0 2 0
W-RC 40 0 0 0 0 0 0 0 0 0 2 0
W-R4 30 0 0 0 0 0 0 0 0 0 0 3
W-R3 20 0 0 0 0 0 0 0 0 0 1 4
W-R2 10 0 0 0 0 0 0 0 0 0 2 0
W-R1 0 0 0 0 0 0 0 0 0 0 0 0
SI-A1 0 0 0 0 0 0 0 0 0 3 0 0
SI-A2 10 0 0 0 0 0 0 0 0 2 0 0
SI-A3 20 0 0 0 0 0 0 0 0 1 0 0
SI-A4 30 0 0 0 0 0 0 0 0 0 0 0
SI-A5 40 0 0 0 0 0 0 0 0 0 0 0
SI-AC 50 0 0 0 0 0 0 0 0 0 0 0
SI-RC 50 0 0 0 0 0 0 0 0 0 0 0
SI-R5 40 0 0 0 0 0 0 0 0 0 0 0
SI-R4 30 0 0 0 0 0 0 0 0 0 0 0
SI-R3 20 0 0 0 0 0 0 . 0 0 0 0 0
SI-R2 10 0 0 0 0 0 0 0 0 0 0 0
SI-R1 0 0 0 0 0 0 0 0 0 0 0 0
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[ A P P E N D I X  G  ]
Larval Fish Data; Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w s u LEP BCR ROC LMB SMB YPE CAR
HI-A1 0 0 0 0 0 0 0 0 0 0 0 0
HI-A2 10 0 0 0 0 0 0 0 0 0 1 0
HI-A3 20 0 0 0 0 0 0 0 0 0 0 0
HI-A4 30 0 0 0 0 0 0 0 0 0 0 0
HI-AC 40 0 0 0 0 0 0 0 0 0 2 0
HI-RC 40 0 0 0 0 0 0 0 0 0 2 0
HI-R4 30 0 0 0 0 0 0 0 0 0 1 0
HI-R3 20 0 0 0 0 0 0 0 0 0 1 0
HI-R2 10 0 0 0 0 0 0 0 0 0 0 0
HI-R1 0 0 0 0 0 0 0 0 0 0 3 0
UB-A1 0 light off light off light off light off light off light off light off light off light off light off light off
UB-A2 10 0 0 0 0 0 0 4 0 1 0 0
UB-A3 20 0 0 0 0 0 0 3 0 3 0 0
UB-A4 30 0 0 0 0 4 0 9 0 0 0 0
UB-AC 40 0 0 0 0 4 0 9 0 1 0 0
UB-RC 40 0 0 0 0 4 0 9 0 1 0 0
UB-R4 30 0 0 0 0 0 0 2 0 2 0 0
UB-R3 20 0 0 0 0 2 0 16 0 1 0 0
UB-R2 10 0 0 0 0 7 0 1 0 0 0 1
UB-R1 0 0 0 0 0 2 0 0 0 3 0 0
SB-A1 0 0 8 0 0 110 0 4 0 0 0 0
SB-A2 10 0 0 0 0 193 0 0 0 0 0 2
SB-A3 20 0 0 0 0 13 0 0 0 0 0 0
SB-A4 30 0 2 0 0 237 0 1 0 3 0 0
SB-A5 40 0 0 0 0 64 0 1 0 0 0 1
SB-AC 50 0 2 0 0 46 0 0 0 1 0 0
SB-RC 50 0 2 0 0 46 0 0 0 1 0 0
SB-R5 40 0 0 0 0 26 0 0 0 3 0 0
SB-R4 30 0 1 0 0 4 0 0 0 16 1 0
SB-R3 20 0 2 0 0 28 0 0 0 5 1 0
SB-R2 10 0 2 0 0 0 0 0 0 1 0 0
SB-R1 0 0 1 0 0 13 0 0 0 0 0 0
NSJ-A1 0 0 0 0 0 2 0 0 0 0 0 0
NSJ-A2 10 0 0 0 0 0 0 0 0 0 1 0
NSJ-A3 20 0 0 0 0 0 0 0 0 0 5 0
NSJ-A4 30 0 0 0 0 0 0 0 0 0 2 0
NSJ-AC 40 0 0 0 0 0 0 0 0 0 3 0
NSJ-RC 40 0 0 0 0 0 0 0 0 . 0 3 0
N SJ-R4 30 0 0 0 0 0 0 0 0 0 8 0
NSJ-R3 20 0 0 0 0 0 0 0 0 0 2 0
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[ APPENDIX G ]
Larval Fish Data; Fresh Water Drum -  Common Carp
TRAP DIST FWD CLU BUF w su LEP BCR ROC LMB SMB YPE CAR
NSJ-R2 10 0 0 0 0 0 0 0 0 0 2 0
NSJ-R1 0 0 0 0 0 0 0 0 0 1 0 0
PFJ-A1 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-A2 10 0 0 0 0 0 0 0 0 0 0 0
PFJ-A3 20 0 0 0 0 0 0 0 0 0 1 0
PFJ-A 4 30 0 0 0 0 0 0 0 0 1 4 0
PFJ-AC 40 0 0 0 0 0 0 0 0 0 3 0
PFJ-RC 40 0 0 0 0 0 0 0 0 0 3 0
PFJ-R 4 30 0 0 0 0 0 0 0 0 0 0 0
PFJ-R 3 20 0 0 0 0 1 0 0 0 0 0 0
PFJ-R 2 10 0 0 0 0 0 0 0 0 0 0 0
PFJ-R1 0 0 1 0 0 0 0 0 0 1 0 0
LE-A1 0 0 0 , 0 0 0 0 0 0 0 0 Q
LE-A2 10 0 0 0 0 0 0 1 0 1 0 0
LE-A3 20 0 0 0 0 0 0 1 0 0 3 0
LE-A4 30 0 0 0 0 0 0 0 0 1 1 0
LE-AC 40 0 0 0 0 0 0 0 0 1 2 0
LE-RC 40 0 0 0 0 0 0 0 0 1 2 0
LE-R4 30 0 0 0 0 0 0 1 0 1 1 0
LE-R3 20 0 0 0 0 0 0 0 0 0 2 0
LE-R2 10 0 0 0 0 1 0 0 0 0 2 0
LE-R1 0 0 0 0 0 1 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data; Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
BP-A1 0 0 1 0 0 0 1 0 0 0 0
BP-A2 5 0 1 0 0 0 0 0 0 1 0
BP-A3 10 0 0 0 0 0 0 0 0 0 0
BP-A4 15 0 0 0 0 0 0 0 0 0 0
BP-R4 30 0 5 0 0 0 0 0 0 0 0
BP-R3 20 0 0 0 0 0 0 0 0 0 0
BP-R2 10 0 0 0 0 0 0 0 0 0 0
BP-R1 0 0 0 0 0 0 0 0 0 0 0
HISL-A1 0 2 1 3 0 0 0 0 0 0 0
HISL-A2 10 0 3 0 0 2 0 0 0 0 0
HISL-A3 20 0 0 0 0 0 0 0 0 0 0
HISL-AC 30 0 1 0 0 0 0 0 0 0 0
HISL-RC 120 0 1 0 0 . o' 0 0 0 0 0
HISL-R4 90 0 0 8 0 0 0 0 0 0 0
HISL-R3 60 0 4 0 0 0 0 0 0 0 0
HISL-R2 30 0 3 0 0 0 0 0 0 0 0
HISL-R1 0 0 0 0 0 0 0 0 0 0 0
HT-S-A1 0 0 0 0 0 0 0 0 0 0 0
HT-S-A2 14 0 0 0 0 0 0 0 0 0 0
HT-S-AC 23 0 0 0 0 0 0 0 0 0 0
HT-N-AC 26 0 0 0 0 0 0 0 0 0 0
HT-N-A2 18 0 0 0 0 0 0 0 0 0 0
HT-N-A1 0 0 0 0 0 0 0 0 0 0 0
HT-E-R1 0 0 0 0 0 0 0 0 0 0 0
HT-E-R2 12 0 0 0 0 0 0 0 0 0 0
HT-E-RC 36 0 0 0 0 0 0 0 0 0 0
STIG-A1 0 3 0 2 0 0 0 0 0 0 0
STIG-A2 20 0 4 0 0 0 0 0 0 0 0
STIG-A3 40 0 0 0 0 0 0 0 0 0 0
STIG-A4 60 0 0 0 0 . 0 0 0 0 0 0
STIG-R5 115 0 0 0 0 0 0 0 0 0 0
STIG-R4 95 3 2 0 0 0 0 0 0 0 0
STIG-R3 55 1 0 0 0 0 0 0 0 0 0
STIG-R2 25 0 0 0 0 0 0 0 0 0 0
STIG-R1 0 0 0 2 0 0 0 0 0 0 1
WP-A1 0 0 0 0 0 0 0 0 0 0 0
WP-A3 20 0 0 0 0 0 0 0 0 0 0
WP-A4 30 0 0 0 0 0 0 0 0 0 0
WP-AC 40 0 0 0 0 0 0 0 0 0 0
W P-RC 60 0 0 0 0 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
WP-R6 50 0 0 0 0 0 0 0 0 0 0
WP-R5 40 0 0 0 0 0 0 0 0 0 0
WP-R4 30 0 0 0 0 0 0 0 0 0 0
WP-R3 20 0 0 0 0 0 0 0 0 0 0
WP-R2 10 0 0 0 0 0 0 0 0 0 0
WP-R1 0 0 0 0 0 0 0 0 0 0 0
M0S-A1 0 6 0 1 0 0 0 0 0 0 0
M0S-A2 10 0 0 0 0 0 0 0 0 0 0
M0S-A3 20 0 0 0 0 0 0 0 0 0 0
M0S-A4 30 0 2 0 0 0 0 0 0 0 0
M0S-A5 40 0 0 0 0 0 0 0 0 0 0
MOS-AC 50 0 0 0 0 0 0 0 0 0 0
MOS-RC 95 0 0 0 0 0 0 . 0 0 0 0
M 0S-R6 85 0 0 0 0 0 0 0 0 0 0
M 0S-R5 75 0 0 0 0 0 0 0 0 0 0
M 0S-R4 65 0 1 0 0 0 0 0 0 0 0
M 0S-R3 55 0 0 0 0 0 0 0 0 0 0
M 0S-R2 30 0 0 0 0 0 0 0 0 0 0
M0S-R1 0 0 0 0 0 0 0 0 0 0 0
BP0-A1 0 0 0 0 0 0 0 0 0 0 0
BP0-A2 10 0 0 0 0 0 0 0 0 0 0
B P0-A3 20 0 0 0 0 0 0 0 0 0 0
BP0-A 4 30 0 0 0 0 0 0 0 0 0 0
BPO-AC 40 0 0 0 0 0 0 0 0 0 0
BPO-RC 40 0 0 0 0 0 0 0 0 0 0
B P0-R 4 30 0 0 0 0 0 0 0 0 0 0
BP0-R 3 20 0 0 0 0 0 0 0 0 0 0
BP0-R 2 10 0 0 0 0 0 0 0 0 0 0
BP0-R1 0 0 0 0 0 0 0 0 0 0 0
LW-A1 0 0 0 0 0 0 0 0 0 0 0
LW-A2 10 0 0 0 0 0 0 0 0 0 0
LW-A3 20 0 0 0 0 0 0 0 0 0 0
LW-A4 30 0 0 0 0 0 0 0 0 0 0
LW-AC 40 0 0 0 0 0 0 0 0 0 0
LW-RC 40 0 0 0 0 0 0 0 0 0 0
LW-R4 30 0 0 0 0 0 0 0 0 0 0
LW-R3 20 0 0 0 0 0 0 0 0 0 0
LW-R2 10 0 0 0 0 0 0 0 0 0 0
LW-R1 0 0 0 0 0 0 0 0 0 0 0
WFP-A1 0 8 0 0 0 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
WFP-A2 10 0 0 0 0 0 0 0 0 0 0
WFP-A3 20 0 0 0 0 0 0 0 0 0 0
WFP-AC 30 0 0 0 0 0 0 0 0 0 0
WFP-RC 30 0 0 0 0 0 0 0 0 0 0
WFP-R3 20 0 0 0 0 0 0 0 0 0 0
WFP-R2 10 0 0 0 0 0 0 0 0 0 0
WFP-R1 0 4 0 0 0 0 0 0 0 0 0
MP-A1 0 0 0 0 0 0 0 0 0 0 0
MP-A2 10 0 0 0 1 0 0 0 0 0 0
MP-A3 20 0 0 0 1 0 0 0 0 0 0
MP-A4 30 0 0 0 0 0 0 0 0 0 0
MP-A5 40 0 0 0 2 0 0 0 0 0 0
MP-A6 50 0 0 0 0 0 0 0 0 .0 0
MP-AC 60 0 0 0 0 0 0 0 0 0 0
MP-RC 50 0 0 0 0 0 0 0 0 0 0
MP-R5 40 2 0 0 0 0 0 0 0 0 0
MP-R4 30 0 0 0 0 0 0 0 0 0 0
MP-R3 20 0 0 0 0 0 0 0 0 0 0
MP-R2 10 0 0 0 0 0 0 0 0 0 0
MP-R1 0 2 0 0 0 0 0 0 0 0 0
LN-A1 0 5 0 0 0 0 0 1 0 0 0
LN-A2 10 0 1 0 0 0 0 0 0 0 0
LN-A3 20 0 1 0 0 0 0 0 0 0 0
LN-AC 30 0 2 0 0 0 0 0 0 0 0
LN-RC 50 0 2 0 0 0 0 0 0 0 0
LN-R5 40 0 0 0 0 0 0 0 0 0 0
LN-R4 30 0 0 0 0 0 0 0 0 0 0
LN-R3 20 0 0 0 0 0 0 0 0 0 0
LN-R2 10 5 0 0 0 0 0 0 0 0 0
LN-R1 0 0 1 0 0 0 0 0 0 0 . 0
NS-A1 0 0 0 0 0 0 0 0 0 0 0
NS-A2 10 0 0 0 0 0 0 0 0 0 0
NS-A3 20 0 0 0 0 0 0 0 0 0 0
NS-A4 30 0 0 0 0 0 0 0 0 0 0
NS-A5 40 0 0 0 0 0 0 0 0 0 0
NS-AC 50 0 0 0 1 0 0 0 0 0 0
NS-RC 50 0 0 0 1 0 0 0 0 0 0
NS-R5 40 0 0 0 0 0 0 0 0 0 0
NS-R4 30 0 0 0 0 0 0 0 0 0 0
NS-R3 20 0 0 0 0 0 0 0 0 0 0
136
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
NS-R2 10 0 0 0 0 0 0 0 0 0 0
NS-R1 0 0 0 0 0 0 0 0 0 0 0
NN-A1 0 0 1 0 0 0 0 0 0 0 0
NN-A2 10 0 9 0 4 0 0 0 0 0 0
NN-A3 20 0 0 0 0 0 0 0 0 0 0
NN-A4 30 0 0 0 1 0 0 0 0 0 0
NN-AC 40 0 0 0 1 0 0 0 0 0 0
NN-RC 40 0 0 0 1 0 0 0 0 0 0
NN-R4 30 0 2 0 0 0 0 0 0 0 0
NN-R3 20 0 1 1 1 0 0 0 0 0 0
NN-R2 10 0 0 0 0 0 0 0 0 0 0
NN-R1 0 0 0 0 0 0 0 0 0 0 0
PS-A1 0 1 1 0 1 0 0 0 0 0 0
PS-A2 10 0 0 0 0 0 0 0 0 0 0
PS-A3 20 0 0 0 0 0 0 0 0 0 0
PS-A4 30 0 0 0 0 0 0 0 0 0 0
PS-A5 40 0 1 0 0 0 0 0 0 0 0
PS-AC 50 0 0 0 0 0 0 0 0 0 0
PS-RC 50 0 0 0 0 0 0 0 0 0 0
PS-R5 40 0 0 0 0 0 0 1 0 0 0
PS-R4 30 0 3 0 0 0 0 0 0 0 0
PS-R3 20 0 1 0 0 0 0 0 0 0 0
PS-R2 10 0 3 0 0 0 0 0 0 0 0
PS-R1 0 0 1 0 0 0 0 0 0 0 0
BPE-A1 0 0 0 0 0 0 0 1 0 0 0
BPE-A2 10 0 2 0 0 0 0 0 0 0 0
BPE-A3 20 0 1 0 0 0 0 0 0 0 0
BPE-A4 30 0 0 0 0 0 0 1 0 0 0
BPE-AC 40 0 15 0 0 0 0 0 0 0 0
BPE-RC 40 0 15 0 0 0 0 0 0 0 0
BPE-R4 30 0 2 0 0 0 0 0 0 0 0
BPE-R3 20 0 12 0 0 0 0 0 0 0 0
BPE-R2 10 0 4 0 0 0 0 1 0 0 0
BPE-R1 0 0 0 0 0 0 0 0 0 0 0
QW-A1 0 2 1 0 0 0 0 0 0 0 0
QW-A2 10 0 18 0 0 0 0 0 0 0 0
QW-A3 20 2 14 0 0 0 0 0 0 0 0
QW-A4 30 9 8 0 1 0 0 0 1 0 0
QW-A5 40 1 17 0 1 0 0 0 0 0 0
QW-AC 50 4 25 0 0 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
QW-RC 50 4 25 0 0 0 0 0 0 0 0
QW-R5 40 0 43 0 0 0 0 0 0 0 0
QW-R4 30 0 43 0 0 0 0 0 0 0 0
QW-R3 20 0 28 0 0 0 0 0 0 0 0
QW-R2 10 0 3 0 0 0 0 0 0 0 0
QW-R1 0 0 0 0 0 0 0 0 0 0 0
PF-A1 0 1 5 1 0 0 0 0 0 0 0
PF-A2 10 3 11 0 0 0 0 0 0 0 0
PF-A3 20 4 11 0 0 0 0 0 0 0 0
PF-A4 30 7 7 0 0 0 0 1 0 0 0
PF-A5 40 0 6 0 0 0 0 0 1 0 0
PF-AC 50 1 3 0 0 0 0 2 0 0 0
PF-RC 50 1 3 0 0 0 0 2 0 0 0
PF-R5 40 0 1 0 0 0 0 0 0 0 0
PF-R4 30 1 7 0 0 0 0 0 0 0 0
PF-R3 20 2 10 0 0 0 0 0 0 0 0
PF-R2 10 7 7 0 0 0 0 0 0 0 0
PF-R1 0 5 4 0 0 0 0 0 0 0 0
W-A1 0 0 1 0 0 0 0 0 0 0 0
W-A2 10 0 2 1 0 0 0 0 0 0 0
W-A3 20 0 8 0 0 0 0 1 0 0 0
W-A4 30 1 12 0 0 0 0 0 0 0 0
W-AC 40 0 4 0 0 0 0 1 0 0 0
W-RC 40 0 4 0 0 0 0 1 0 0 0
W-R4 30 0 4 0 0 0 0 0 0 0 0
W-R3 20 8 0 0 0 0 0 0 0 0 0
W-R2 10 0 0 0 0 0 0 0 0 0 0
W-R1 0 0 0 0 0 0 0 0 0 0 0
SI-A1 0 0 0 64 0 0 0 0 0 0 0
SI-A2 10 0 0 7 0 0 0 0 0 0 0
SI-A3 20 0 0 8 0 0 0 0 0 0 0
SI-A4 30 0 0 5 0 0 0 0 0 0 0
SI-A5 40 0 0 0 0 0 0 0 0 0 0
SI-AC 50 0 0 0 0 0 0 0 0 0 0
Sl-RC 50 0 0 0 0 0 0 0 0 0 0
SIR S 40 0 0 2 0 0 0 0 0 0 0
SI-R4 30 0 0 1 0 0 0 0 0 0 0
SI-R3 20 0 0 1 0 0 0 0 0 0 0
SI-R2 10 0 0 3 0 0 0 0 0 0 0
SI-R1 0 0 0 22 0 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
HI-A1 0 0 0 8 0 0 0 0 0 0 0
HI-A2 10 0 0 5 0 0 0 0 0 0 0
HI-A3 20 0 0 4 0 0 0 0 0 0 0
H1-A4 30 0 0 1 0 0 0 0 0 0 0
HI-AC 40 0 0 2 0 0 0 0 0 0 0
HI-RC 40 0 0 2 0 0 0 0 0 0 0
HI-R4 30 0 0 1 0 0 0 0 0 0 0
H1-R3 20 0 0 0 0 0 0 0 0 0 0
HI-R2 10 0 0 1 0 0 0 0 0 0 0
Hi-RI 0 0 0 2 0 0 0 0 0 0 0
UB-A1 0 light off light off light off light off light off light off light off light off light off light off
UB-A2 10 0 0 0 0 0 0 0 0 0 0
UB-A3 20 0 0 0 0 0 0 0 0 0 0
UB-A4 30 0 0 1 0 0 0 0 0 0 0
UB-AC 40 0 0 0 0 0 0 0 0 0 0
UB-RC 40 0 0 0 0 0 0 0 0 0 0
UB-R4 30 0 0 0 0 0 0 0 0 0 0
UB-R3 20 1 0 1 0 0 0 0 0 0 0
UB-R2 10 1 0 0 0 0 0 0 0 0 0
UB-R1 0 0 0 0 0 0 0 0 0 0 0
SB-A1 0 1 0 0 0 0 0 0 0 0 0
SB-A2 10 24 0 0 0 0 0 0 0 0 0
SB-A3 20 4 0 0 0 0 0 0 0 0 0
SB-A4 30 11 0 0 0 0 0 0 0 0 0
SB-A5 40 22 0 0 0 0 0 0 0 0 0
SB-AC 50 9 0 0 0 0 0 0 0 0 0
SB-RC 50 9 0 0 0 0 0 0 0 0 0
SB-R5 40 4 0 0 0 0 0 0 0 0 0
SB-R4 30 4 0 0 0 0 0 0 0 0 0
SB-R3 20 12 0 0 0 0 0 0 0 0 0
SB-R2 10 3 0 0 0 0 0 0 0 0 0
SB-R1 0 1 0 0 0 0 0 0 0 0 0
NSJ-A1 0 3 8 0 0 0 0 0 0 0 0
NSJ-A2 10 0 0 0 0 0 0 0 0 0 0
NSJ-A3 20 0 0 0 0 0 0 0 0 0 0
NSJ-A4 30 0 1 0 0 0 0 0 0 0 0
NSJ-AC 40 0 1 0 0 0 0 0 0 0 0
NSJ-RC 40 0 1 0 0 0 0 0 0 0 0
NSJ-R4 30 0 0 0 0 0 0 0 0 0 0
NSJ-R3 20 0 0 0 0 0 0 0 0 0 0
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[ APPENDIX H ]
Larval Fish Data: Minnows -  Mottled Sculpin
TRAP DIST CYP KIL JON BSB TSS SIL GAR MUD GOB MOT
NSJ-R2 10 0 4 0 0 0 0 0 0 0 0
NSJ-R1 0 0 0 0 0 0 0 0 0 0 0
PFJ-A1 0 0 2 0 0 0 0 0 0 0 0
PFJ-A2 10 0 0 0 0 0 0 0 0 0 0
PFJ-A3 20 1 5 0 0 0 0 0 0 0 0
PFJ-A4 30 0 1 0 0 0 0 0 0 0 0
PFJ-AC 40 0 5 0 0 0 0 0 0 0 0
PFJ-RC 40 0 5 0 0 0 0 0 0 0 0
PFJ-R4 30 2 4 0 0 0 0 0 0 0 0
PFJ-R3 20 0 4 0 0 0 0 0 0 0 0
PFJ-R2 10 0 4 0 0 0 0 0 0 0 0
PFJ-R1 0 0 0 0 0 0 0 0 0 0 0
LE-A1 0 0 16 0 0 0 0 0 0 0 0
LE-A2 10 0 48 0 0 0 0 0 0 1 0
LE-A3 20 0 23 0 0 0 0 0 0 0 0
LE-A4 30 0 7 0 0 0 0 0 0 0 0
LE-AC 40 1 28 0 0 0 0 0 0 0 0
LE-RC 40 1 28 0 0 0 0 0 0 0 0
LE-R4 30 0 12 0 0 0 0 0 0 0 0
LE-R3 20 0 14 0 0 0 0 0 0 0 0
LE-R2 10 1 16 0 0 0 0 0 0 0 0
LE-R1 0 0 25 0 0 0 0 0 0 0 0
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[ APPENDIX I ]
Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAD
BP-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
BP-A2 5 0 0 0 0 0 0 0 0 0 0 0 0
BP-A3 10 0 0 0 0 0 0 0 0 0 0 0 0
BP-A4 15 0 0 0 0 0 0 0 0 0 0 0 0
BP-R4 30 0 0 0 0 0 0 0 0 2 0 0 0
BP-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
BP-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
BP-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
HISL-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
HISL-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
HISL-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
HISL-AC 30 0 0 0 0 0 0 0 0 0 0 0 0
HISL-RC 120 0 0 0 0 0 0 0 0 0 0 0 0
HISL-R4 90 0 0 0 0 0 0 0 0 0 0 0 0
HISL-R3 60 0 0 0 0 0 0 0 0 0 0 0 0
HISL-R2 30 0 0 0 0 0 0 0 1 0 0 0 0
HISL-R1 0 0 0 0 0 0 0 0 1 0 0 0 0
HT-S-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-S-A2 14 0 0 0 0 0 0 0 0 0 0 0 0
HT-S-AC 23 0 0 0 0 0 0 0 0 0 0 0 0
HT-N-AC 26 0 0 0 0 0 0 0 0 0 0 0 0
HT-N-A2 18 0 0 0 0 0 0 0 0 0 0 0 0
HT-N-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-R2 12 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-RC 36 0 0 0 0 0 0 0 0 0 0 0 0
STIG-A1 0 0 0 0 0 0 0 0 1 0 0 0 0
STIG-A2 20 0 0 0 0 0 0 0 0 0 0 0 0
STIG-A3 40 0 0 0 0 0 0 0 0 0 0 0 0
STIG-A4 60 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R5 115 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R4 95 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R3 55 0 0 0 0 0 0 0 0 0 0 0 0
ST1G-R2 25 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
WP-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
WP-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
WP-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
WP-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
WP-RC 60 0 0 0 0 0 0 0 0 0 0 0 0
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Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAC
WP-R6 50 0 0 0 0 0 0 0 0 0 0 0 0
WP-R5 40 0 0 0 0 0 0 0 0 0 0 0 0
WP-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
WP-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
WP-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
WP-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
M0S-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
M0S-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
M0S-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
MOS-AC 50 2 0 0 0 0 0 0 0 0 0 0 0
MOS-RC 95 2 0 0 0 0 0 0 0 0 0 0 0
M 0S-R6 85 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-R5 75 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-R4 65 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-R3 55 0 0 0 0 0 0 0 0 0 0 0 0
M 0S-R2 30 0 0 0 0 0 0 0 0 0 0 0 0
M0S-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
BP0-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
BP0-A 2 10 0 0 0 0 0 0 0 0 0 0 0 0
B P0-A 3 20 0 0 0 0 0 0 0 0 1 0 0 0
B P0-A 4 30 0 0 0 0 0 0 0 0 0 0 0 0
BPO-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
BPO-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
B P0-R 4 30 0 0 0 0 0 0 0 0 0 0 0 0
B P0-R 3 20 0 0 0 0 0 0 0 0 1 0 0 0
B P0-R 2 10 0 0 0 0 0 0 0 0 0 0 0 0
BP0-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
LW-A1 0 0 0 0 0 2 0 0 0 1 0 0 0
LW-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
LW-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
LW-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
LW-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
LW-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
LW-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
LW-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
LW-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
LW-R1 0 0 0 0 0 1 0 0 0 0 0 0 0
WFP-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAD
WFP-A2 10 0 0 0 0 0 0 0 0 0 0 0 1
WFP-A3 20 0 0 0 0 0 0 0 0 0 0 0 9
WFP-AC 30 0 0 0 0 0 0 0 0 0 0 0 6
WFP-RC 30 0 0 0 0 0 0 0 0 0 0 0 6
WFP-R3 20 0 0 0 0 0 0 0 0 0 0 0 1
WFP-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
WFP-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
MP-A1 0 0 0 0 0 0 0 0 0 0 0 0 2
MP-A2 10 0 0 0 0 0 0 0 0 0 0 0 9
MP-A3 20 0 0 0 0 0 0 0 0 0 0 0 1
MP-A4 30 0 0 0 0 0 0 0 0 0 0 0 9
MP-A5 40 0 0 0 0 0 0 0 0 0 0 0 17
MP-A6 50 0 0 0 0 0 0 0 0 0 0 0 4
MP-AC 60 0 0 0 0 0 0 0 0 0 0 0 9
MP-RC 50 0 0 0 0 0 0 0 0 0 0 0 9
MP-R5 40 0 0 0 0 0 0 0 0 0 0 0 3
MP-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
MP-R3 20 0 0 0 0 17 0 0 0 0 0 0 0
MP-R2 10 0 0 0 0 17 0 0 0 0 0 0 0
MP-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
LN-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
LN-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
LN-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
LN-AC 30 0 0 0 0 0 0 0 0 0 0 0 0
LN-RC 50 0 0 0 0 0 0 0 0 0 0 0 0
LN-R5 40 0 0 0 0 0 0 0 0 0 0 0 0
LN-R4 30 0 0 0 0 1 0 0 0 0 0 0 0
LN-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
LN-R2 10 0 0 0 0 1 0 0 0 0 0 0 0
LN-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
NS-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
NS-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
NS-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
NS-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
NS-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
NS-AC 50 0 0 0 0 0 0 0 0 0 0 0 0
NS-RC 50 0 0 0 0 0 0 0 0 0 0 0 0
NS-R5 40 0 0 . 0 0 0 0 0 0 0 0 0 0
NS-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
NS-R3 20 0 0 0 0 1 0 0 0 0 0 0 0
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Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAC
NS-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
NS-R1 0 0 0 0 0 1 0 0 0 0 0 0 0
NN-A1 0 0 0 0 0 1 0 0 0 0 3 0 0
NN-A2 10 0 0 0 0 0 0 0 0 0 19 0 0
NN-A3 20 0 0 0 0 0 0 0 0 3 0 0 0
NN-A4 30 0 0 0 0 0 0 0 0 0 1 0 0
NN-AC 40 0 0 0 0 0 0 0 0 0 1 0 0
NN-RC 40 0 0 0 0 0 0 0 0 0 1 0 0
NN-R4 30 0 0 0 0 1 0 0 0 0 0 0 0
NN-R3 20 0 0 0 0 1 0 0 0 0 1 0 0
NN-R2 10 0 0 0 0 1 0 0 0 0 0 0 0
NN-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
PS-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
PS-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
PS-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
PS-AC 50 0 0 0 0 0 0 0 0 0 0 0 0
PS-RC 50 0 0 0 0 0 0 0 0 0 0 0 0
PS-R5 40 0 0 0 0 0 0 0 0 0 0 0 0
PS-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
PS-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
PS-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
PS-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
BPE-AC 40 0 0 0 0 0 0 0 0 0 0 0 1
BPE-RC 40 0 0 0 0 0 0 0 0 0 0 0 1
BPE-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
BPE-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
BPE-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
BPE-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
QW-A1 0 0 0 0 0 1 0 0 0 0 0 0 0
QW-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
QW-A3 20 0 0 0 0 1 0 0 0 0 0 0 0
QW-A4 30 0 0 0 0 . 0 0 0 0 0 0 0 0
QW-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
QW-AC 50 0 0 0 0 1 0 0 0 1 0 0 0
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Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAD
QW-RC 50 0 0 0 0 1 0 0 0 1 0 0 0
QW-R5 40 0 0 0 0 1 0 0 0 0 1 0 0
QW-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
QW-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
QW-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
QW-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
PF-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
PF-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
PF-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
PF-AC 50 0 0 0 0 0 0 0 0 0 0 0 0
PF-RC 50 0 0 0 0 0 0 0 0 0 0 0 0
PF-R5 40 0 0 0 0 0 0 0 0 0 0 0 0
PF-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
PF-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
PF-R2 10 0 0 0 0 2 0 0 0 0 0 0 0
PF-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
W-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
W-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
W-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
W-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
W-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
W-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
W-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
W-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
W-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
W-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
SI-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
SI-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
SI-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
SI-AC 50 0 0 0 0 0 0 0 0 0 0 0 0
Sl-RC 50 0 0 0 0 0 0 0 0 0 0 0 0
SI-R5 40 0 0 0 0 0 0 0 0 0 0 0 0
SI-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
SI-R3 20 0 0 0 0 0 0 0 . 0 0 0 0 0
SI-R2 10 1 0 0 0 0 1 0 0 0 0 0 0
SI-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Adult Fish and Larval Amphibian Data: Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAD
HI-A1 0 0 0 0 0 1 0 0 0 0 0 0 0
HI-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
HI-A3 20 0 0 0 0 0 0 0 1 0 0 0 0
HI-A4 30 0 1 0 0 1 0 0 1 0 0 0 0
HI-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
HI-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
HI-R4 30 0 1 0 0 0 0 0 0 0 0 1 0
HI-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
HI-R2 10 1 0 0 0 0 0 0 0 0 0 0 0
HI-RI 0 0 0 0 0 1 0 0 0 0 0 0 0
UB-A1 0 light off light off light off light off light off light off light off light off light off light off light off light off
UB-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
UB-A3 20 . 0 0 0 0 0 0 0 0 0 0 0 0
UB-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
UB-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
UB-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
UB-R4 30 0 0 0 0 0 0 0 0 0 0 1 0
UB-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
UB-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
UB-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
SB-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
SB-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
SB-A3 20 0 0 0 0 2 0 0 0 0 0 0 0
SB-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
SB-A5 40 0 0 0 0 0 0 0 0 0 0 0 0
SB-AC 50 0 3 0 0 1 0 0 0 0 0 0 0
SB-RC 50 0 3 0 0 1 0 0 0 0 0 0 0
SB-R5 40 0 9 0 0 0 0 0 0 0 0 0 0
SB-R4 30 0 11 0 0 0 0 0 0 0 0 0 0
SB-R3 20 0. 0 0 0 0 0 0 0 0 0 0 0
SB-R2 10 0 3 0 0 0 0 0 0 0 0 0 0
SB-R1 0 0 2 0 0 0 0 0 0 0 0 0 0
NSJ-A1 0 0 0 0 0 0 0 0 0 2 0 0 0
NSJ-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
NSJ-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
NSJ-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
NSJ-AC 40 0 0 0 0 0 1 0 0 0 0 0 0
NSJ-RC 40 0 0 0 0 0 1 0 0 0 .0 0 0
NSJ-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
NSJ-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
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Adult Fish and Larval Amphibian Data; Pugnose Shiner -  Tadpoles
TRAP DIST PUG BNM COM SAN EME SPG FAT MIM AKIL ABSB ANSS TAD
NSJ-R2 10 0 0 0 0 0 1 0 0 0 0 0 0
NSJ-R1 0 0 0 0 0 1 1 0 0 0 0 0 0
PFJ-A1 0 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-AC 40 0 0 0 0 0 1 0 0 0 0 0 0
PFJ-RC 40 0 0 0 0 0 1 0 0 0 0 0 0
PFJ-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
PFJ-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
LE-A1 0 0 0 0 . 0 0 0 0 0 0 0 0 0
LE-A2 10 0 0 0 0 0 0 0 0 0 0 0 0
LE-A3 20 0 0 0 0 0 0 0 0 0 0 0 0
LE-A4 30 0 0 0 0 0 0 0 0 0 0 0 0
LE-AC 40 0 0 0 0 0 0 0 0 0 0 0 0
LE-RC 40 0 0 0 0 0 0 0 0 0 0 0 0
LE-R4 30 0 0 0 0 0 0 0 0 0 0 0 0
LE-R3 20 0 0 0 0 0 0 0 0 0 0 0 0
LE-R2 10 0 0 0 0 0 0 0 0 0 0 0 0
LE-R1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Microcrustacean Zooplankton Data
TRAP DIST BOS BYT CHY DAP MAC POL SID GST CAL CYC HAR AFDWZOOP
BP-A1 0 49216 0 38354 64 0 0 21982 45305 0 576 0 0.6215
BP-A2 5 4496 0 5414 16 0 0 5572 10314 32 48 0 0.4514
BP-A3 10 1168 0 10654 128 0 0 2976 12480 96 432 144 0.4131
BP-A4 15 4384 0 11149 192 0 0 1329 8750 128 32 96 0.1985
BP-R4 30 1536 0 1E+05 256 0 0 914 53105 1280 2560 0 1.4125
BP-R3 20 2848 0 14791 288 0 0 3145 13908 96 192 0 0.4347
BP-R2 10 6064 0 1456 48 0 0 4279 3801 128 80 0 0.1441
BP-R1 0 1520 0 5542 16 0 0 3M8 9934 32 32 16 0.2670
HISL-A1 0 2880 0 2496 32 96 0 5984 4384 384 2208 0 0.2106
HISL-A2 10 2560 0 8992 96 96 0 9696 5536 192 960 0 0.2363
HISL-A3 20 0 0 4096 320 160 0 9696 5568 32 704 0 0.1980
HISL-AC 30 0 0 9088 448 192 0 9088 8704 192 1600 0 0.3915
HISL-RC 120 0 0 9088 448 192 0 . 9088 8704 192 1600 0 0.3915
HISL-R4 90 32640 0 6592 0 128 0 8832 4416 192 2688 0 0.2800
HISL-R3 60 78080 0 11584 0 64 0 18496 4160 128 9152 0 0.7199
HISL-R2 30 15680 0 3136 0 32 0 12320 1696 0 3104 0 0.3700
HISL-R1 0 12480 0 1952 0 160 0 12992 992 128 5312 64 0.3509
HT-S-A1 0 110 0 16 0 0 2 11 1 2 1 7 -
HT-S-A2 14 0 0 10 0 0 0 11 12 0 0 0 -
HT-S-AC 23 0 0 2 0 0 0 2 16 0 0 0 -
HT-N-AC 26 0 0 2 0 0 0 2 16 0 0 0 -
HT-N-A2 18 0 0 17 0 0 0 4 15 0 0 0 -
HT-N-A1 0 0 0 13 0 0 0 38 4 0 0 0 -
HT-E-R1 0 0 0 7 0 0 0 63 19 0 0 0 -
HT-E-R2 12 0 0 5 0 0 0 0 14 0 0 0 -
HT-E-RC 36 0 0 2 0 0 0 2 16 0 0 0 -
STIG-A1 0 1E+05 5 6784 128 0 1280 12160 3072 5632 768 0 0.3138
STIG-A2 20 97280 1 9472 0 0 768 15040 13184 768 704 0 0.3439
STIG-A3 40 3E+05 3 49920 0 0 0 12928 16512 2688 1024 0 0.7653
STIG-A4 60 2E+05 1 59776 0 0 1024 9728 7040 1792 3072 0 0.8632
STIG-R5 115 1E+05 0 78400 64 0 0 6144 5760 832 1088 0 0.8802
STIG-R4 95 2E+05 0 36096 128 192 0 8192 10176 3584 576 0 0.5940
STIG-R3 55 33920 1 21440 0 0 0 9440 9248 2784 480 32 0.4121
STIG-R2 25 32960 0 15232 0 0 0 5984 10400 1440 160 96 0.2698
STIG-R1 0 14560 6 5056 0 0 0 6000 1968 544 224 0 0.1927
WP-A1 0 27520 0 3264 576 0 64 3584 2368 1536 640 0 0.1437
WP-A3 20 80 0 128 192 0 0 112 224 144 176 0 0.3764
WP-A4 30 2112 0 328 248 0 0 392 192 144 400 40 0.0921
WP-AC 40 0 0 216 368 0 0 352 120 104 160 0 0.0763
WP-RC 60 0 0 216 368 0 0 352 120 104 160 0 0.0763
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[ APPENDIX J ]
Microcrustacean Zooplankton Data
TRAP DIST BOS BYT CHY DAP MAC POL SID OST CAL CYC HAR AFDW ZOOP
WP-R6 50 0 0 112 232 0 0 56 136 56 128 0 0.1435
WP-R5 40 8 0 16 144 0 0 52 44 40 108 0 0.0847
WP-R4 30 32 0 240 496 0 16 80 16 192 672 0 0.2827
WP-R3 20 35648 0 8256 0 0 0 1344 1920 576 2624 0 0.1134
WP-R2 10 77312 0 55808 128 0 0 4736 6272 640 4352 0 0.2857
WP-R1 0 432 0 2392 16 0 0 381 272 240 32 0 0.0310
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Aquatic Macroinvertebrate Data; Aeshnidae -  Elmidae
TRAP DIST AES APH BAE BSC BEL COT CAE CAM CER CHI CHR COE COR CUR DYT ELN
BP-A1 0 0 0 0 0 0 1 7 0 492 177 0 37 3 0 0 0
BP-A2 5 0 0 0 0 0 0 8 0 784 55 0 75 1 0 0 0
BP-A3 10 0 0 0 0 0 0 2 0 233 112 0 12 1 0 0 0
BP-A4 15 0 0 0 0 10 0 8 1 26 86 0 4 0 0 1 0
BP-R4 30 1 0 5 0 0 0 80 0 137 430 0 43 9 0 2 0
BP-R3 20 1 0 1 0 1 0 2 0 125 47 0 10 2 0 0 0
BP-R2 10 0 0 0 0 0 0 1 0 21 18 0 5 0 0 0 0
BP-R1 0 0 0 0 0 0 0 0 0 12 37 0 10 0 0 0 0
HiSL-AI 0 6 0 2 0 0 0 2 0 0 2 0 0 639 0 0 0
HISL-A2 10 9 0 2 0 0 0 3 0 4 3 0 0 441 0 0 0
HISL-A3 20 13 0 0 0 0 0 1 0 9 0 0 1 348 0 0 0
HISL-AC 30 19 0 0 0 0 0 0 0 0 3 0 3 1699 0 0 0
HISL-RC 120 19 0 0 0 0 0 0 0 0 3 0 3 1699 .0 0 0
HISL-R4 90 7 0 0 0 0 0 0 0 2 1 0 0 1293 0 0 0
HISL-R3 60 1 0 0 0 0 0 0 0 4 3 0 0 7804 0 0 0
HISL-R2 30 0 0 0 0 0 0 0 0 0 7 0 0 3070 0 0 0
HISL-R1 0 0 0 0 0 0 0 0 0 0 6 0 0 4899 0 0 0
HT-S-A1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
HT-S-A2 14 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0
HT-S-AC 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-N-AC 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-N-A2 18 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0
HT-N-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HT-E-R1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
HT-E-R2 12 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
HT-E-RC 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STIG-A1 0 0 0 0 0 0 0 0 0 1 27 0 0 37 0 0 0
STIG-A2 20 0 0 3 0 0 0 0 0 1 73 0 0 101 0 0 0
STIG-A3 40 1 0 0 0 0 0 1 0 1 19 0 0 284 0 0 0
STIG-A4 60 2 0 0 0 0 0 1 0 2 14 0 7 22 . 0 . 0 0
STIG-R5 115 1 0 0 0 0 0 4 0 2 37 0 2 116 0 0 0
STIG-R4 95 0 0 0 0 0 0 5 0 0 16 0 0 389 0 0 0
STIG-R3 55 0 0 0 0 0 0 0 0 2 38 0 0 163 0 0 0
STIG-R2 25 0 0 2 0 0 0 0 0 1 65 0 0 101 0 0 0
STIG-R1 0 0 0 0 0 0 0 0 0 0 34 0 0 33 0 0 0
WP-A1 0 0 0 25 0 0 0 54 0 243 112 0 3 4 0 10 0
WP-A3 20 1 0 2 0 14 1 85 0 17 24 0 0 1 0 7 0
WP-A4 30 2 0 0 0 4 0 5 0 8 68 0 1 1 0 1 0
WP-AC 40 1 0 8 0 1 0 5 0 14 25 0 0 1 0 2 0
WP-RC 60 1 0 8 0 1 0 5 0 14 25 0 0 1 0 2 0
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Aquatic Macroinvertebrate Data; Aeshnidae -  Elmidae
TRAP DIST AES APH BAE BSC BEL GOT CAE CAM CER CHI CHR COE COR CUR DYT ELM
WP-R6 50 1 0 0 0 0 0  11 0 6  85 0 1 2 0 0 0
WP-R5 40 0 0 0 0 0 0 9 0 4  30 0 0 2 0 0 0
WP-R4 30 7 0 1 0 2 0 9 0 1  16 0 2 0 0 2 0
WP-R3 20 0 0 5 0 0 0 256 0 32 59 0 22 11 0 21 0
WP-R2 10 2 0 2 5 0 0 0 1 34 0 3 8 215 0 35 11 0 21 0
WP-R1 0 0 0 6 0 0 0 3 0 0  18 0 7 3 0 1 0
M0S-A1 0 ....................................................................... - .......................................................... ...........
M0S-A2 1 0 ..................................................... - .................................................................................
M0S-A3 20 ..................................................................................................................
M0S-A4 30 - - - - - ...........................................................................................................................
M0S-A5 40 - - - - - - - - -  - .................................................................
MOS-AC 5 0 ................................................................... - ..................................................................
MOS-RC 95 - - ...................................................................................................................................................................
M0S-R6 85 - - - - -  - ....................................................................................................................
M0S-R5 75 - ........................................................................................................
M0S-R4 65 - - - - - -  - .....................................................................
M0S-R3 55 ................................................- - .......................................................................................................
M0S-R2 30 .............................................................................................................................................
M0S-R1 0 - - - - - -  - .......................................................... ...........
BP0-A1 0 0 0 0 0 0 0 1 0 0 3 0 0 3 0 0 0
BP0-A2 10 0 0 0 0 0 0 3 0 1 3 0 0 1 0 0 0
BP0-A3 20 0 0 0 0 0 0 3 0 3 2 0 0 0 0 0 0
BP0-A4 30 0 0 0 0 0 2  18 0 33 2 0 0 2 0 2 0
BPO-AC 40 0 0 0 0 0 1  26 0 15 2 0 0 2 0 0 0
BPO-RC 40 0 0 0 0 0 1  26 0 15 2 0 0 2 0 0 0
BP0-R4 30 0 0 0 0 0 0  20 0 1 2 0 0 0 0 2 0
BP0-R3 20 0 0 0 0 0 0 0 0 1 4 0 0 1 0 0 0
BP0-R2 10 0 0 0 0 0 0 4 0 0 0 0 0 1 0 0 0
BP0-R1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0
LW-A1 0 0 0 0 0 0 0 1 0 0 0 0 0 7 0 1 0
LW-A2 10 0 0 0 0 0 0 4 0 1 0 0 0  90 0 2 0
LW-A3 20 0 0 0 0 0 0 4 0 14 6 0 1 190 0 18 0
LW-A4 30 0 0 0 0 0 0  14 0 12 5 0 1  14 0 6 0
LW-AC 40 0 0 0 0 0 0  71 0 35 3 0 0  75 0 3 0
LW-RC 40 0 0 0 0 0 0  71 0 35 3 0 0  75 0 3 0
LW-R4 30 0 0 0 0 0 0 1 0 5 1  0 0 1 0  11 0
LW-R3 20 0 0 0 0 0 0 5 0 1 0 0 0 2 0 1 0
LW-R2 10 0 0 0 0 0 0 1 0 0 3 0 0 0 0 3 0
LW-R1 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 9 0
WFP-A1 0 0 0 0 0 0 0 1 0  52 9 0 1 0 0 0 0
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Aquatic Macroinvertebrate Data: Aeshnidae -  Elmidae
TRAP DIST AES APH BAE BSC BEL COT CAE CAM CER CHI CHR COE COR CUR DYT ELK
WFP-A2 10 0 0 0 0 0 0 1 0 3 6 0 2 0 0 0 0
WFP-A3 20 0 0 0 0 0 0 5 0 9 2 0 0 1 0 0 0
WFP-AC 30 0 0 0 0 0 0 21 0 14 1 0 3 0 0 0 0
WFP-RC 30 0 0 0 0 0 0 21 0 14 1 0 3 0 0 0 0
WFP-R3 20 0 0 0 0 1 0 6 0 11 6 0 2 0 0 1 0
WFP-R2 10 0 0 0 0 0 0 5 0 7 6 0 0 0 0 0 0
WFP-R1 0 0 0 0 0 0 0 2 0 17 5 0 0 0 0 0 0
MP-A1 0 0 0 0 0 0 2 14 0 3 0 0 0 2039 0 0 0
MP-A2 10 0 0 0 0 2 4 72 0 0 3 0 3 477 0 0 0
MP-A3 20 0 0 0 0 3 37 914 0 58 1 1 15 21 0 0 0
MP-A4 30 0 0 0 0 0 91 1102 0 36 2 0 12 8 0 0 0
MP-A5 40 0 0 0 0 1 1 249 0 29 4 0 1 143 0 1 0
MP-A6 50 0 0 0 0 2 0 19 0 7 10 0 0 205 0 0 0
MP-AC 60 0 0 0 0 0 0 15 0 5 7 1 1 317 0 1 0
MP-RC 50 0 0 0 0 0 0 15 0 5 7 1 1 317 0 1 0
MP-R5 40 0 0 0 0 2 0 3 0 4 45 1 0 49 0 1 0
MP-R4 30 0 0 0 0 0 0 4 0 0 67 0 0 1 0 0 0
MP-R3 20 0 0 0 0 0 0 3 0 5 26 2 0 0 0 0 0
MP-R2 10 0 0 0 0 0 0 1 0 3 36 0 0 0 0 0 0
MP-R1 0 0 0 0 0 0 0 0 0 0 24 0 0 1 0 0 0
LN-A1 0 0 0 0 0 0 0 4 0 0 1 0 2 2 0 11 0
LN-A2 10 0 0 0 0 0 0 1 0 0 0 0 1 1 0 11 0
LN-A3 20 0 0 0 0 0 0 35 0 0 2 0 0 0 0 8 0
LN-AC 30 0 0 0 0 0 0 21 0 0 0 0 0 3 1 6 0
LN-RC 50 0 0 0 0 0 0 21 0 0 0 0 0 3 1 6 0
LN-R5 40 0 0 0 0 0 0 14 0 0 2 0 1 0 1 14 0
LN-R4 30 0 0 0 0 0 0 0 0 0 0 0 2 0 0 19 0
LN-R3 20 0 0 0 0 0 0 0 0 0 0 0 1 0 0 9 0
LN-R2 10 0 0 0 0 0 0 0 0 0 1 1 0 1 0 23 0
LN-R1 0 0 0 0 0 0 0 0 0 0 1 0 6 1 0 35 0
NS-A1 0 0 0 0 0 0 0 0 0 14 346 0 0 15 0 6 0
NS-A2 10 0 0 0 0 0 0 13 0 2 607 0 0 5 0 2 0
NS-A3 20 0 0 0 0 0 0 8 0 2 385 0 0 9 0 1 0
NS-A4 30 0 0 1 0 0 0 10 0 2 311 0 0 4 0 4 0
NS-A5 40 0 0 0 0 0 0 6 0 2 392 0 0 8 0 4 0
NS-AC 50 0 0 0 0 0 0 5 0 2 76 0 0 7 0 6 0
NS-RC 50 0 0 0 0 0 0 5 0 2 76 0 0 7 0 6 0
NS-R5 40 0 0 0 0 0 0 12 0 6 1097 0 0 9 0 1 0
NS-R4 30 0 0 0 0 0 0 0 0 27 86 0 2 0 0 2 0
NS-R3 20 0 0 0 0 0 0 0 0 19 96 0 0 2 0 2 0
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NS-R2 10 0 0 0 0 0 0 2 0 12 33 0 2 1 0 4 0
NS-R1 0 0 0 0 0 0 0 2 0 7 24 0 6 0 0 5 0
NN-A1 0 0 0 6 0 0 0 0 0 20 59 0 11 13 0 1 0
NN-A2 10 0 0 10 0 1 0 0 0 3 26 0 0 21 0 0 0
NN-A3 20 0 0 3 0 0 0 0 0 2 5 0 0 20 0 0 0
NN-A4 30 0 0 10 0 0 1 0 0 2 32 0 0 49 0 0 0
NN-AC 40 0 0 1 0 0 0 0 0 1 214 0 0 45 0 0 0
NN-RC 40 0 0 1 0 0 0 0 0 1 214 0 0 45 0 0 0
NN-R4 30 0 0 1 0 0 0 0 0 1 79 0 0 16 0 0 0
NN-R3 20 0 0 0 0 0 0 0 0 3 77 0 5 40 0 1 1
NN-R2 10 0 0 5 0 0 0 0 0 3 54 0 12 21 0 1 0
NN-R1 0 0 0 3 0 0 0 0 0 0 17 0 5 3 0 1 0
PS-A1 0 0 0 0 0 0 0 3 0 6 1656 0 0 141 0 3 0
PS-A2 10 0 0 0 0 0 6 10 0 0 2520 0 1 46 0 2 0
PS-A3 20 0 0 0 0 0 2 3 0 1 5292 0 0 80 0 5 0
PS-A4 30 0 0 0 0 0 0 3 0 1 5844 0 0 151 0 0 0
PS-A5 40 0 0 0 0 0 0 3 0 0 #### 0 0 260 0 1 0
PS-AC 50 0 0 0 0 0 0 2 0 0 6168 0 0 163 0 3 0
PS-RC 50 0 0 0 0 0 0 2 0 0 6168 0 0 163 0 3 0
PS-R5 40 0 0 0 0 0 0 2 0 0 4692 0 1 66 0 0 0
PS-R4 30 0 0 0 0 0 0 0 0 2 8820 0 0 123 0 1 0
PS-R3 20 0 0 0 0 0 0 0 0 4 298 0 5 45 0 3 0
PS-R2 10 0 0 0 0 0 0 0 0 2 14 0 11 8 0 1 0
PS-R1 0 0 0 0 0 0 0 0 0 0 8 0 33 5 0 2 0
BPE-A1 0 0 0 0 0 0 0 50 0 62 9 0 2 1 0 0 0
BPE-A2 10 0 0 0 0 0 3 36 0 20 16 0 1 14 0 1 0
BPE-A3 20 0 0 0 0 0 6 135 0 64 0 0 0 16 0 19 0
BPE-A4 30 0 0 0 0 1 5 117 0 93 0 0 1 8 2 6 0
BPE-AC 40 0 0 0 0 2 0 194 0 158 2 0 0 11 0 9 0
BPE-RC 40 0 0 0 0 2 0 194 0 158 2 0 0 11 0 9 0
BPE-R4 30 1 0 0 0 0 0 93 0 143 8 0 0 24 0 4 0
BPE-R3 20 0 0 0 0 0 1 39 0 38 78 0 1 28 0 1 0
BPE-R2 10 0 0 0 0 0 0 12 0 16 10 0 0 2 0 0 0
BPE-R1 0 0 0 0 0 0 0 0 0 10 25 0 2 1 0 0 1
QW-A1 0
QW-A2 10
QW-A3 20
QW-A4 30
QW-A5 40
QW-AC 50
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QW-RC 50 - - ......................................................................- ............................................................... - -
QW-R5 40 .......................................................................................................... ...........
QW-R4 30 - - - - - -  - .........................................................................................................
QW-R3 20 .........................................................................................................................................................
QW-R2 1 0 .................................................................................................................................................................................
QW-R1 0 .......................................................................................................... - ..........................................................
PF-A1 0 0 0 0 0 0 0 0 0 0  19 0 4  15 0 0 0
PF-A2 10 0 0 0 0 0 0 0 0 0  42 0 1  13 0 2 0
PF-A3 20 0 0 0 0 0 0 1 0 0  135 0 1  14 0 0 0
PF-A4 30 0 0 0 0 0 0 1 0 1 685 0 1 27 0 1 0
PF-A5 40 0 0 0 0 0 0 2 0 0  215 0 0  19 0 1  0
PF-AC 50 0 0 0 0 0 0 0 0 0  315 0 0  42 0 2 0
PF-RC 50 0 0 0 0 0 0 0 0 0  315 0 0  42 0 2 0
PF-R5 40 0 0 0 0 1  0 0 0 0  100 0 2  27 0 2 0
PF-R4 30 0 0 0 0 0 0 0 0 1  39 0 0  39 0 1  0
PF-R3 20 0 0 0 0 0 0 0 0 0  30 0 1  26 0 5 0
PF-R2 10 0 0 0 0 0 0 0 0 0  62 0 3 7 0 0 0
PF-R1 0 0 0 0 0 0 0 0 0 1  39 0 6 5 0 0 0
W-A1 0 0 0 0 0 0 0 3 0 1  32 0 0  47 0 0 0
W-A2 10 0 0 0 0 0 0 0 0 0  24 0 0  37 0 2 0
W-A3 20 0 0 0 0 0 0 1 0 1  83 0 0  57 0 0 0
W-A4 30 0 0 0 0 0 0 0 0 0  67 0 0  40 0 1  0
W-AC 40 0 0 0 0 0 0  1 0 0  10 0 0  45 0 3 0
W-RC 40 0 0 0 0 0 0  1 0 0  10 0 0  45 0 3 0
W-R4 30 0 0 0 0 0 0 3 0 0  10 0 0  33 0 0 0
W-R3 20 0 0 0 0 0 0 1 0 0  17 0 0  20 0 2 0
W-R2 10 0 0 0 0 0 0 0 0 0 7 0 1 6 0 0 0
W-R1 0 0 0 0 0 0 0 0 0 0 8 0 0 1 0 1 0
SI-A1 0 0 0 1 0 0 0 0 0  81 22 0 0  241 0 0 0
SI-A2 10 0 1 0 1 0 1 0 0  63 6 0 0  65 0 0 0
SI-A3 20 0 0 0 0 0 0 0 0 34 37 0 0 162 0 0 0
SI-A4 30 0 0 0 0 0 1 0 0 24 175 0 0 142 0 0 0
SI-A5 40 0 0 0 0 0 0 0 0 16 349 0 0 194 0 0 0
SI-AC 50 0 0 1 0 0 0 1 0 12 52 0 0 289 0 0 0
Sl-RC 50 0 0 1 0 0 0 1 0 12 52 0 0 289 0 0 0
SIR S  40 0 0 1 0 0 0 0 0 13 33 0 0 190 0 0 0
SI-R4 30 0 0 0 0 0 0 1 0 53 60 0 0 410 0 0 0
SI-R3 20 0 0 0 0 1 0 0 0 42 56 0 0 261 0 0 0
SI-R2 10 0 0 0 0 0 0 0 0 21 53 0 0 231 0 0 0
SI-R1 0 0 0 2 0 0 0  1 0 6  13 0 0  367 0 0 0
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HI-A1 0 0 0 0 0 0 0 0 0 0 3 0 0  655 0 0 0
HI-A2 10 0 0 1 0 0 0 0 0 0 9 0 0  197 0 0 0
HI-A3 20 0 0 0 0 0 0 0 0 3  21 0 0  405 0 0 0
HI-A4 30 0 0 0 0 0 0 0 0 1  11 0 0  564 0 0 0
HI-AC 40 0 0 0 0 0 0 0 0 0 9 0 0  517 0 0 0
HI-RC 40 0 0 0 0 0 0 0 0 0 9 0 0  517 0 0 0
HI-R4 30 0 0 0 0 0 0 0 0 1 5 0 0  181 0 0 0
HI-R3 20 0 0 0 0 0 0 0 0 0 5 0 1  384 0 0 0
HI-R2 10 0 0 0 0 0 0 0 0 1 3 0 0  140 0 0 0
HI-RI 0 0 0 0 0 0 0 0 0 0 2 0 0  179 0 0 0
ÜB-A1 0 - - - .....................................................................................................................................................................
UB-A2 10 0 0 5 0 0 0  1 0 21 27 0 0  28 0 0 0
UB-A3 20 0 0 3 0 0 0 1 0 8  24 5 0  17 0 0 0
UB-A4 30 0 0 2 0 0 0 3 0  13 28 0 0 9 0 0 0
UB-AC 40 0 0 4 0 0 0 0 0  20 49 0 0  17 0 0 0
UB-RC 40 0 0 4 0 0 0 0 0  20 49 0 0  17 0 0 0
UB-R4 30 0 0 3 0 0 0 1 0 0  33 0 0  15 0 0 0
UB-R3 20 0 0 2 0 0 0 2 0 1  51 0 0  26 0 0 0
UB-R2 10 0 0 5 0 0 0 1 0 0  25 0 0  16 0 0 0
UB-R1 0 0 0 1 0 0 0 0 0 1  26 0 0  15 0 0 0
SB-A1 0 0 0 0 0 0 0 0 0 0  110 0 0  554 0 0 0
SB-A2 10 0 0 0 0 0 0 0 0 1 124 3 0 688 0 0 0
SB-A3 20 0 0 2 0 0 0 0 0 0  77 0 0  538 0 0 0
SB-A4 30 0 0 5 0 0 0 0 0 1 119 0 0 413 0 0 0
SB-A5 40 0 0 2 0 0 0 0 0 0  90 0 0  469 0 0 0
SB-AC 50 0 0 0 0 0 0 0 0 0  73 0 0  454 0 0 0
SB-RC 50 0 0 0 0 0 0 0 0 0  73 0 0  454 0 0 0
SB-R5 40 0 0 2 0 0 0 0 0 0 112 2 0 204 0 0 0
SB-R4 30 0 0 3 0 0 0 0 0 0  98 0 0 1 1 6  0 0 0
SB-R3 20 0 0 9 0 0 0 0 0 3  80 0 0  106 0 0 0
SB-R2 10 0 0 6 0 0 0 0 0 0  104 0 0  43 0 0 0
SB-R1 0 0 0  17 0 0 0 0 0 0  90 0 0  56 0 0 0
NSJ-A1 0 ...........................................................
NSJ-A2 1 0 ........................................................... ........... .........................................................................................................
NSJ-A3 20 ................................................................................................................................................................................
NSJ-A4 30 ............................................................................. ...........
NSJ-AC 4 0 ...................................................................................................................- ...............................................................
NSJ-RC 4 0 ...............................................................................................................................................................................................
NSJ-R4 30 ................................................................................................................................................................................
NSJ-R3 20 - - ...................................................................................................................................................................
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NSJ-R2 10
NSJ-R1 0
PFJ-A1 0 0 0 0 0 0 0 1 0 0 1 0 1 2 0 11 0
PFJ-A2 10 0 0 0 0 0 0 0 0 12 5 0 0 8 0 8 0
PFJ-A3 20 0 0 0 0 0 0 0 0 52 34 0 0 8 0 5 0
PFJ-A4 30 0 0 0 0 0 0 1 0 110 30 0 0 21 0 10 0
PFJ-AC 40 0 0 0 0 0 0 0 0 21 19 0 0 52 0 16 0
PFJ-RC 40 0 0 0 0 0 0 0 0 21 19 0 0 52 0 16 0
PFJ-R4 30 1 0 0 0 0 0 2 0 12 34 0 1 22 1 20 0
PFJ-R3 20 1 0 0 0 0 0 0 0 0 14 0 0 4 0 19 0
PFJ-R2 10 0 0 0 0 0 0 0 0 0 2 0 0 0 0 9 0
PFJ-R1 0 0 0 0 0 0 0 0 0 0 19 0 0 1 0 2 0
LE-A1 0 0 0 0 0 0 0 0 0 0 0 0 1 16 0 178 0
LE-A2 10 0 0 0 0 0 0 0 0 7 0 0 0 20 0 377 0
LE-A3 20 0 0 0 0 0 0 1 0 19 1 0 0 7 0 321 0
LE-A4 30 0 0 0 0 0 0 0 0 27 1 0 0 5 0 419 0
LE-AC 40 1 0 0 0 0 0 6 0 9 6 0 0 25 0 440 0
LE-RC 40 1 0 0 0 0 0 6 0 9 6 0 0 25 0 440 0
LE-R4 30 0 0 0 0 0 0 5 0 24 1 0 0 9 0 368 0
LE-R3 20 0 0 0 0 0 0 0 0 3 0 0 0 11 0 321 0
LE-R2 10 0 0 0 0 0 0 0 0 2 0 0 0 8 0 554 0
LE-R1 0 0 0 0 0 0 0 0 0 2 0 0 3 25 0 568 0
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BP-A1 0 0 0 0 0 1 0 0 239 113 0 0 0 86 0 0 0 0
BP-A2 5 0 0 0 0 0 0 0 463 90 0 0 0 213 0 0 0 0
BP-A3 10 0 1 0 0 0 0 0 177 121 0 3 0 71 0 0 5 0
BP-A4 15 0 3 1 0 0 0 2 62 69 0 0 0 204 0 0 11 0
BP-R4 30 0 1 0 15 0 0 1 413 34 0 0 0 41 0 1 1 0
BP-R3 20 0 1 0 0 0 0 0 594 155 0 0 0 38 0 0 1 0
BP-R2 10 0 1 0 0 0 0 0 1034 41 0 0 0 12 0 0 1 0
BP-R1 0 0 3 0 0 0 0 0 1302 15 0 0 0 16 0 0 0 0
HISL-AI 0 0 1 0 0 0 0 0 8 64 0 0 0 0 0 0 0 0
HISL-A2 10 0 8 0 1 0 0 0 49 96 0 0 0 0 0 0 0 0
HISL-A3 20 0 41 0 0 0 0 0 216 96 0 0 0 0 0 1 0 0
HISL-AC 30 0 2 0 0 0 0 0 134 64 0 0 0 0 0 0 0 0
HISL-RC 120 0 2 0 0 0 0 0 134 64 0 0 0 0 0 0 0 0
H1SL-R4 90 0 1 0 0 0 0 0 13 192 0 0 0 0 0 0 0 0
HISL-R3 60 0 7 0 0 0 0 1 2 640 1 0 0 0 0 0 0 0
HISL-R2 30 0 0 0 0 0 0 3 0 192 0 0 0 0 0 0 0 0
HISL-R1 0 0 2 0 0 0 0 0 2 128 0 0 0 0 0 0 0 0
HT-S-A1 0 0 3 0 0 0 0 0 29 0 0 0 0 0 0 0 0 0
HT-S-A2 14 0 30 0 0 0 0 0 632 1 0 0 0 8 0 0 0 0
HT-S-AC 23 1 41 0 0 0 0 0 1453 0 0 0 0 1 0 0 0 0
HT-N-AC 26 1 41 0 0 0 0 0 1453 0 0 0 0 1 0 0 0 0
HT-N-A2 18 0 43 0 0 0 0 0 360 0 0 0 0 12 0 2 0 0
HT-N-A1 0 0 12 0 0 0 0 0 2592 0 0 0 0 61 0 0 0 0
HT-E-R1 0 0 1 0 0 0 0 0 257 1 0 0 0 0 0 0 0 0
HT-E-R2 12 0 10 0 0 0 0 0 212 1 0 0 0 0 0 0 0 0
HT-E-RC 36 1 41 0 0 0 0 0 1453 0 0 0 0 1 0 0 0 0
STIG-A1 0 0 4 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0
STIG-A2 20 0 10 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0
STIG-A3 40 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STIG-A4 60 0 25 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
STIG-R5 115 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R4 95 0 10 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0
STIG-R3 55 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STIG-R2 25 0 11 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
STIG-R1 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
WP-A1 0 2 182 0 18 0 0 0 802 72 1 0 0 27 0 0 0 0
WP-A3 20 0 51 0 21 1 0 4 459 5 19 1 0 0 0 0 0 0
WP-A4 30 0 4 0 8 0 0 2 83 10 0 0 0 4 0 0 0 0
WP-AC 40 0 1 0 9 0 0 1 80 3 0 0 0 0 0 0 0 0
WP-RC 60 0 1 0 9 0 0 1 80 3 0 0 0 0 0 0 0 0
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WP-R6 50 0 3 0 7 0 0 2 23 4 1 0 0 0 0 0 0 0
WP-R5 40 0 2 0 5 1 0 4 32 2 0 0 0 0 0 0 0 0
WP-R4 30 0 74 0 7 0 2 6 535 2 14 0 0 3 0 0 0 0
WP-R3 20 0 656 0 79 0 0 0 280 62 4 0 0 32 0 0 0 0
WP-R2 10 1 673 0 114 0 0 3 1212 110 10 0 0 83 0 0 0 0
WP-R1 0 0 1099 0 1 0 0 0 279 34 1 0 0 13 0 0 0 0
M0S-A1 0
M0S-A2 10
M0S-A3 20
M0S-A4 30
M0S-A5 40
MOS-AC 50
MOS-RC 95
M 0S-R6 85
M 0S-R5 75
M0S-R4 65
M0S-R3 55
M0S-R2 30
M0S-R1 0
BP0-A1 0 0 0 0 0 0 0 0 0 61 0 0 0 2 0 0 0 0
BP0-A2 10 0 0 0 0 3 0 0 1 312 0 1 0 1 0 0 0 0
BP0-A3 20 0 0 0 0 0 0 0 1 78 0 0 0 0 0 0 3 0
BP0-A4 30 0 0 1 0 0 0 5 8 68 0 0 0 0 0 0 0 0
BPO-AC 40 0 0 0 0 1 0 4 3 60 0 0 0 0 0 0 3 0
BPO-RC 40 0 0 0 0 1 0 4 3 60 0 0 0 0 0 0 3 0
BP0-R 4 30 0 0 0 0 0 0 0 1 103 0 1 0 2 0 0 0 0
BP0-R 3 20 0 0 0 0 0 0 0 2 324 0 2 0 3 0 0 1 0
BP0-R2 10 0 0 0 0 0 0 0 2 225 0 0 0 1 0 0 0 0
BP0-R1 0 0 0 0 0 1 0 0 2 20 2 0 0 5 0 0 0 0
LW-A1 0 0 91 0 0 2 0 1 2 620 0 0 0 675 0 0 0 0
LW-A2 10 0 7 0 0 4 0 0 4 104 0 0 0 35 0 0 2 0
LW-A3 20 0 11 0 0 2 0 0 6 36 0 0 0 13 0 0 1 0
LW-A4 30 0 0 0 0 1 0 0 13 40 0 0 0 0 0 0 3 0
LW-AC 40 0 2 0 0 0 0 0 28 82 0 0 0 5 0 0 3 0
LW-RC 40 0 2 0 0 0 0 0 28 82 0 0 0 5 0 0 3 0
LW-R4 30 0 13 0 0 0 0 0 16 170 0 0 0 30 0 0 4 0
LW-R3 20 0 19 0 0 0 0 0 15 382 0 0 0 202 0 0 1 0
LW-R2 10 0 14 0 0 0 0 0 0 434 1 0 0 765 0 0 0 0
LW-R1 0 0 108 0 0 1 0 0 0 164 0 0 0 466 0 0 0 0
WFP-A1 0 0 0 0 0 0 0 0 0 342 0 2 0 9 0 0 0 0
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WFP-A2 10 0 0 0 0 0 0 0 1 73 3 11 0 7 0 0 2 0
WFP-A3 20 0 0 1 0 0 0 0 2 128 0 12 0 29 0 0 5 0
WFP-AC 30 0 1 3 11 1 0 0 0 86 0 3 0 12 0 0 24 0
WFP-RC 30 0 1 3 11 1 0 0 0 86 0 3 0 12 0 0 24 0
WFP-R3 20 0 0 0 4 0 0 0 2 101 0 15 0 8 0 0 5 0
WFP-R2 10 0 0 0 1 0 0 0 2 142 0 8 0 7 0 0 3 0
WFP-R1 0 0 0 0 0 1 0 0 1 282 0 19 0 4 0 0 1 0
MP-A1 0 0 7 0 0 1 0 5 2 0 0 1 0 0 0 0 0 0
MP-A2 10 0 7 0 1 1 0 8 24 2 0 1 0 0 0 0 2 0
MP-A3 20 0 1 0 8 1 0 0 226 8 0 0 0 0 0 0 5 0
MP-A4 30 0 0 0 7 3 0 1 397 6 0 0 0 3 0 0 1 0
MP-A5 40 0 10 0 5 0 0 0 208 9 0 1 0 0 0 0 0 0
MP-A6 50 ' 0 11 2 4 0 0 0 181 118 0 2 0 0 0 0 2 0
MP-AC 60 0 5 2 6 1 0 1 120 46 0 0 0 0 0 0 4 0
MP-RC 50 0 5 2 6 1 0 1 120 46 0 0 0 0 0 0 4 0
MP-R5 40 0 2 0 1 1 0 0 5 30 0 0 0 0 0 0 0 0
MP-R4 30 0 1 0 0 0 0 0 0 64 0 0 0 0 0 0 0 0
MP-R3 20 0 1 0 0 0 0 1 0 240 0 0 0 1 0 0 0 0
MP-R2 10 0 0 0 0 0 0 0 0 417 0 0 0 1 0 0 0 0
MP-R1 0 0 0 0 0 0 0 0 0 177 0 0 0 0 0 0 0 0
LN-A1 0 0 2 0 0 1 0 1 0 113 0 2 0 137 0 0 0 0
LN-A2 10 0 1 1 0 0 0 0 1 81 0 15 0 39 0 0 1 0
LN-A3 20 0 1 0 0 3 0 2 3 194 0 13 0 53 0 0 2 0
LN-AC 30 0 0 0 0 2 0 0 9 146 0 3 0 84 0 0 1 0
LN-RC 50 0 0 0 0 2 0 0 9 146 0 3 0 84 0 0 1 0
LN-R5 40 0 0 0 0 0 0 0 2 196 0 2 0 191 0 0 0 0
LN-R4 30 0 1 0 0 1 0 0 0 214 0 2 0 117 0 0 0 0
LN-R3 20 0 0 0 0 0 0 0 0 190 0 2 0 155 0 0 1 0
LN-R2 10 0 0 0 0 0 0 0 0 311 0 1 0 288 0 0 0 0
LN-R1 . 0 0 2 0 0 0 0 0 1 248 1 0 0 223 0 0 0 0
NS-A1 0 0 2 0 14 0 0 0 0 254 0 0 0 63 0 0 0 0
NS-A2 10 0 3 0 10 0 0 0 2 101 0 0 0 16 0 0 0 0
NS-A3 20 0 2 1 5 0 0 0 4 73 0 0 0 8 0 0 0 0
NS-A4 30 0 1 1 6 0 0 0 0 78 0 0 0 18 0 0 0 0
NS-A5 40 0 0 0 4 0 0 0 1 25 0 0 0 9 0 0 0 0
NS-AC 50 0 1 1 6 0 0 0 2 34 0 0 0 5 0 0 0 0
NS-RC 50 0 1 1 6 0 0 0 2 34 0 0 0 5 0 0 0 0
NS-R5 40 0 3 0 7 0 0 0 3 109 0 0 0 151 0 0 0 0
NS-R4 30 0 0 0 19 0 0 0 4 357 0 0 0 359 0 0 0 0
NS-R3 20 0 0 0 13 0 0 0 8 496 0 0 0 114 0 0 1 0
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NS-R2 10 0 0 0 15 0 0 0 4 241 0 0 0 152 0 0 0 0
NS-R1 0 0 1 0 5 0 0 0 2 298 0 0 0 25 0 0 0 0
NN-A1 0 0 15 0 9 3 0 0 66 190 0 0 4 204 0 0 0 0
NN-A2 10 0 3 0 17 0 0 0 24 104 0 0 1 191 0 0 0 0
NN-A3 20 0 29 2 9 0 0 0 122 131 0 1 0 27 0 0 0 0
NN-A4 30 0 4 5 2 0 0 1 38 123 1 0 2 17 0 0 0 0
NN-AC 40 0 7 0 10 0 0 0 16 217 0 0 1 35 0 0 0 0
NN-RC 40 0 7 0 10 0 0 0 16 217 0 0 1 35 0 0 0 0
NN-R4 30 0 4 0 7 0 0 0 6 183 1 0 0 10 0 0 0 0
NN-R3 20 0 10 0 13 0 0 0 7 237 0 0 0 16 0 0 0 0
NN-R2 10 0 14 0 6 0 0 0 21 240 0 0 1 97 0 0 0 0
NN-R1 0 0 3 0 0 0 0 0 2 174 0 0 0 108 0 0 0 0
PS-A1 0 0 10 0 ' 8 0 0 0 12 2916 0 0 0 19 0 0 0 0
PS-A2 10 0 19 0 4 0 0 0 16 492 0 0 0 2 0 0 0 0
PS-A3 20 0 8 0 5 0 0 0 15 936 0 0 0 0 0 0 0 0
PS-A4 30 0 17 0 9 0 0 0 10 948 0 0 0 0 0 0 0 0
PS-A5 40 0 0 0 9 0 0 0 11 1476 0 0 0 2 0 0 0 0
PS-AC 50 0 3 0 2 0 0 0 14 540 0 0 0 1 0 0 0 0
PS-RC 50 0 3 0 2 0 0 0 14 540 0 0 0 1 0 0 0 0
PS-R5 40 0 4 0 13 0 0 0 14 432 0 0 0 2 0 0 0 0
PS-R4 30 0 7 0 6 0 0 0 4 1092 0 0 2 5 0 0 0 0
PS-R3 20 0 1 0 2 0 0 0 10 596 0 0 0 27 0 0 0 0
PS-R2 10 0 4 0 1 0 0 0 10 586 0 0 0 42 0 0 0 0
PS-R1 0 0 4 0 0 0 0 0 1 283 0 0 0 2 0 0 0 0
BPE-A1 0 0 2 0 0 0 0 1 33 27 0 0 0 0 0 0 1 0
BPE-A2 10 0 0 0 0 5 0 45 30 62 0 3 0 3 0 0 1 0
BPE-A3 20 0 0 0 0 1 0 29 20 137 0 2 0 0 0 0 0 0
BPE-A4 30 0 0 0 0 0 0 37 35 74 0 1 0 0 0 0 5 0
BPE-AC 40 0 0 0 0 0 0 20 12 92 0 1 0 0 0 0 27 0
BPE-RC 40 0 0 .0 0 0 0 20 12 92 0 1 0 0 0 0 27 0
BPE-R4 30 0 0 0 1 1 0 30 17 165 0 5 0 1 0 0 11 0
BPE-R3 20 0 0 0 2 0 0 4 11 125 0 1 0 5 0 0 0 0
BPE-R2 10 0 7 0 0 0 0 0 24 124 0 0 0 0 0 0 0 0
BPE-R1 0 0 1 0 0 0 0 0 3 20 0 0 1 0 0 0 0 0
QW-A1 0
QW-A2 10
QW-A3 20
QW-A4 30
QW-A5 40
QW-AC 50
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QW-RC 5 0 ................................................... - .......................................................................................................................
QW-R5 40  - ........................................
QW-R4 30 ......................................................................................................................................................................................
QW-R3 20 ......................................................................................................................................................................................
QW-R2 10 - ...........................................................................................................................................................................
QW-R1 0 .................................................................... - ............................................................................................................
PF-A1 0 0 0 0 8 1 0 2 1  958 0 0  26 36 0 0 0 0
PF-A2 10 0 2 0 3 0 0 0 11 446 0 0 10 29 0 0 0 0
PF-A3 20 0 0 0 3 0 0 2 1  1110 0 0 1 8 0 0 0 0
PF-A4 30 0 6 2 6 0 0 0 8  1217 0 0 3 4 0 0 0 0
PF-A5 40 0 6 0 0 0 0 0 8  227 0 0 1  4 0 0 0 0
PF-AC 50 0 3 1  4 0 0 0 2  244 0 0 1  4 0 0 0 0
PF-RC 50 0 3 1  4 0 . 0 0 2  244 0 0 1  4 0 0 0 0
PF-R5 40 0 3 0 0 0 0 1 3  109 0 0 0  11 0 0 0 0
PF-R4 30 0 0 1  7 0 0 0 3  467 0 0  18 6 0 0 0 0
PF-R3 20 0 1 0 3 0 0 0 4  698 0 0  21 7 0 0 0 0
PF-R2 10 0 1 0 11 0 0 0 0 654 0 0 36 15 0 0 0 0
PF-R1 0 0 1 0 2 0 0 0 0  425 0 0 8 7 0 0 0 0
W-A1 0 0 5 0 9 0 0 3 4  340 0 0  23 23 0 0 2 0
W-A2 10 0 16 0 44 0 0 0 12 159 1 0 2 51 0 0 0 0
W-A3 20 0 6 0 25 0 0 0 6 140 0 0 0 29 0 0 0 0
W-A4 30 0 21 1 20 0 0 0 5 266 0 0 2 20 0 0 0 0
W-AC 40 0 1  1 9 0 0 1 2  238 0 0 4 6 0 0 0 0
W-RC 40 0 1 1 9 0 0 1 2  238 0 0 4 6 0 0 0 0
W-R4 30 0 5 0 9 0 0 0 1 229 0 0 2 7 0 0 0 0
W-R3 20 0 2 1 18 0 0 0 6 503 0 1 2 27 0 0 0 0
W-R2 10 0 4 0 10 0 0 0 6 418 1 1 2 15 0 0 0 0
W-R1 0 0 4 0 8 0 0 2 2  544 2 0 3  19 0 0 0 0
SI-A1 0 0 4 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0
SI-A2 10 0 55 1 0 0 . 0 . 0 0 1  0 0 0 2 0 0 0 0
SI-A3 20 0 79 0 0 0 0 0 1  3 0 0 0 1 0 0 0 0
SI-A4 30 0 68 0 0 0 0 0 1 4 0 0 0 3 0 0 0 0
SI-A5 40 0 64 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0
SI-AC 5 0 0  29 0 0 0 0 0 0 1  0 0 0 1 0 0 0 0
SI-RC 50 0 29 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
SIRS  40 0 12 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0
SI-R4 30 0 196 0 0 0 0 0  27 1 0 0 0 2 2 0 0 0
SI-R3 20 0 109 1 0 0 0 0 1 3 0 1 1  1 0 0 0 0
SI-R2 10 0 50 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0
SI-R1 0 0 7 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
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HI-A1 0 0 2 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0
HI-A2 10 0 1 0 0 3 0 0 0  12 0 0 0 1 0 0 0 0
HI-A3 20 0 0 0 0 0 0 4 1  27 0 0 0 0 0 0 2 0
HI-A4 30 0 1 0 0 1 0 1 0  16 0 0 0 0 0 0 0 0
HI-AC 40 0 0 0 0 0 0 0 0  10 0 0 0 0 0 0 1  0
HI-RC 40 0 0 0 0 0 0 0 0  10 0 0 0 0 0 0 1  0
HI-R4 30 0 1 0 0 0 0 0 0 8 0 0 1 0 0 0 2 0
HI-R3 20 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0
HI-R2 10 0 1 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0
HI-R1 0 0 1 0 0 0 0 0 0  12 0 0 0 1 0 0 0 0
UB-A1 0 ................................................................................................................................................................................- -
UB-A2 10 0 19 0 0 0 0 0  73 72 0 0 0  51 0 0 0 0
UB-A3 20 0 14 0 2 0 0 0 96 31 0 0 0 25 0 0 0 0
UB-A4 30 0 72 0 0 3 0 0  88 37 0 0 0  44 0 0 0 0
UB-AC 40 0 11 0 0 0 0 0  58 36 2 0 0  79 0 0 0 0
UB-RC 40 0 11 0 0 0 0 0  58 36 2 0 0  79 0 0 0 0
UB-R4 30 0 16 0 1 0 0 0 21 80 0 0 1 38 0 0 0 0
UB-R3 20 0 6 0 0 0 0 0  39 52 1 0 0  15 0 0 0 0
UB-R2 10 0 2 0 0 0 0 0 2  70 0 0 0  54 0 0 0 0
UB-R1 0 0 5 0 0 0 0 0 5  94 0 0 0  24 0 0 0 0
SB-A1 0 1 0 0 1 4 0 0 3  496 0 0 0 0 0 0 0 0
SB-A2 10 0 0 0 1 2 0 0 2  125 0 0 0 0 0 0 0 0
SB-A3 20 0 0 4 2 0 0 0 4  122 0 0 0 0 0 0 0 0
SB-A4 30 0 0 0 4 0 0 0 3  67 0 0 0 1 0 0 0 0
SB-A5 40 0 0 3 1 0 0 0 7  199 0 0 0 1 0 0 0 0
SB-AC 50 0 0 2 4 0 0 0 5  403 0 0 0 1 0 0 0 0
SB-RC 50 0 0 2 4 0 0 0 5  403 0 0 0 1 0 0 0 0
SB-R5 40 0 0 2 1 2 0 0 2  549 1 0 0 6 0 0 0 0
SB-R4 30 0 2 0 2 3 0 0 3  343 0 0 0  12 0 0 0 0
SB-R3 20 0 1  1 2 1  0 0  11 263 . 0 0 0 8 0 0 0 0
SB-R2 10 0 0 0 0 4 0 0 0  307 0 0 0 7 0 0 0 0
SB-R1 0 2 1 0 1 4 0 0 1  181 0 0 0 9 0 0 0 0
NSJ-A1 0 ....................................................................
NSJ-A2 1 0 .....................................................................................................................................................................................
NSJ-A3 20 ......................................................................................................
NSJ-A4 30 ......................................................... - ...............................................................................
NSJ-AC 4 0 ................................................................................................................................................... ...........
NSJ-RC 4 0 ....................................................................................................................................................................................................
NSJ-R4 30 ........................................................................................................................................................................................
NSJ-R3 20 ......................................................................................................
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NSJ-R2 10
NSJ-R1 0
PFJ-A1 0 0 5 0 0 0 0 0 5 475 0 0 1 406 0 0 0 0
PFJ-A2 10 0 1 0 5 0 0 0 31 301 0 0 2 106 0 0 0 0
PFJ-A3 20 0 0 0 4 0 0 1 88 615 0 0 6 121 0 0 0 0
PFJ-A4 30 0 0 0 5 0 0 0 14 426 0 1 4 72 0 0 0 0
PFJ-AC 40 0 2 0 2 0 0 0 58 275 0 1 7 27 0 0 1 0
PFJ-RC 40 0 2 0 2 0 0 0 58 275 0 1 7 27 0 0 1 0
PFJ-R4 30 0 1 0 8 0 0 0 67 800 0 0 9 119 0 0 0 0
PFJ-R3 20 0 3 0 4 0 0 0 23 575 0 0 3 211 0 0 0 0
PFJ-R2 10 0 2 1 0 0 0 0 16 387 0 0 0 478 0 0 0 0
PFJ-R1 0 0 0 0 0 0 0 0 0 93 0 0 0 196 0 0 1 0
LE-A1 0 0 1 0 0 0 0 0 3 479 0 1 0 1056 0 0 0 0
LE-A2 10 0 4 0 0 0 0 0 1 583 0 0 1 439 0 0 0 0
LE-A3 20 0 1 3 0 0 0 1 18 210 0 0 0 32 0 0 0 0
LE-A4 30 0 0 0 1 0 0 0 20 312 0 0 0 3 0 0 0 0
LE-AC 40 0 1 0 0 1 0 0 13 525 0 1 0 19 0 0 0 0
LE-RC 40 0 1 0 0 1 0 0 13 525 0 1 0 19 0 0 0 0
LE-R4 30 0 0 0 0 1 0 0 16 429 1 0 1 11 0 0 1 0
LE-R3 20 0 1 0 0 3 0 1 6 672 0 0 0 19 0 0 0 0
LE-R2 10 0 3 0 0 1 0 0 7 764 0 0 0 117 0 0 0 0
LE-R1 0 0 1 0 0 1 0 0 7 454 1 1 0 395 0 0 0 0
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BP-A1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0.2960
BP-A2 5 0 8 0 0 0 0 12 3 0 0 0 0 0 0 0 0 0 0.2475
BP-A3 10 19 56 0 0 0 0 37 11 0 0 0 0 0 0 0 0 0 0.1981
BP-A4 15 4 0 0 0 0 0 9 6 0 0 0 0 0 0 0 0 0 1.0843
BP-R4 30 6 1 2 0 0 0 21 24 0 0 0 0 0 0 0 0 0 0.3531
BP-R3 20 1 46 0 0 0 0 12 11 0 0 0 0 0 0 0 0 0 0.2378
BP-R2 10 0 12 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0.1002
BP-R1 0 0 5 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0.1449
HISL-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0414
HISL-A2 10 0 0 1 0 0 0 4 0 0 0 0 3 0 0 0 0 0 0.0927
HISL-A3 20 1 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0.1944
HISL-AC 30 0 0 1 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0.2162
HISL-RC 120 0 0 1 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0.2162
HISL-R4 90 0 0 1 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0.0955
HISL-R3 60 0 0 0 0 0 0 0 0 0 0 1 18 0 0 0 0 0 0.1393
HISL-R2 30 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0.1198
HISL-R1 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0.0756
HT-S-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0297
HT-S-A2 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.3074
HT-S-AC 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2851
HT-N-AC 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2851
HT-N-A2 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1797
HT-N-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8159
HT-E-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0424
HT-E-R2 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0585
HT-E-RC 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2851
STIG-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1206
STIG-A2 20 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0.3978
ST1G-A3 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2613
STIG-A4 60 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.0502
STIG-R5 115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0476
STIG-R4 95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.4431
STIG-R3 55 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.1838
STIG-R2 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1100
STIG-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0192
WP-A1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0.6112
WP-A3 20 1 2 2 0 0 0 10 5 8 0 0 0 0 0 0 1 0 1.7956
WP-A4 30 11 46 2 0 0 0 6 0 1 0 0 0 0 0 0 0 0 0.4780
WP-AC 40 2 18 1 0 0 0 7 3 0 0 0 0 0 0 0 0 0 0.0818
WP-RC 60 2 18 1 0 0 0 7 3 0 0 0 0 0 0 0 0 0 0.0818
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WP-R6 50 10 23 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0.1164
WP-R5 40 7 28 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0.0626
WP-R4 30 1 38 0 0 0 0 20 10 3 0 0 0 0 0 5 0 0 0.7609
WP-R3 20 10 0 0 0 0 0 12 6 0 0 0 0 0 0 0 1 0 0.4023
WP-R2 10 2 0 0 0 0 0 6 2 0 0 0 0 0 0 0 0 0 0.7686
WP-R1 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0.3992
M0S-A1
M0S-A2
M0S-A3
M0S-A4
M0S-A5
MOS-AC
MOS-RC
M 0S-R6
M 0S-R5
M 0S-R4
M 0S-R3
M 0S-R2
M0S-R1
0
10
20
30
40
50
95
85
75
65
55
30
0
BP0-A1 0 0 0 7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 -
BP0-A2 10 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 -
BP0-A3 20 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 -
BP0-A4 30 0 0 1 0 0 0 1 16 0 0 0 0 1 1 0 0 0 -
BPO-AC 40 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 -
BPO-RC 40 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 -
BP0-R4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
BP0-R3 20 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 -
BP0-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
BP0-R1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
LW-A1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 -
LW-A2 10 0 0 0 0 0 2 1 3 0 0 0 0 0 0 0 0 0 -
LW-A3 20 2 3 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 -
LW-A4 30 0 1 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 -
LW-AC 40 1 1 0 0 0 0 1 20 0 0 0 0 0 0 1 0 0 -
LW-RC 40 1 1 0 0 0 0 1 20 0 0 0 0 0 0 1 0 0 -
LW-R4 30 1 0 0 0 0 1 1 32 0 0 0 0 0 0 1 0 0 -
LW-R3 20 4 0 0 0 0 3 1 23 0 0 0 0 0 0 1 0 0 -
LW-R2 10 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 -
LW-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
WFP-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
165
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
[ A P P E N D I X  M  ]
Aquatic Macroinvertebrate Data: Mesoveliidae -  Veliidae
TRAP DIST MES NAI NEP NOT OLI PHR PHY PLA PLE PYR SIA SIP STR TIP TUR VAL VEL
AFDW
MACROS
WFP-A2 10 0 0 13 0 0 2 0 2 0 0 0 0 0 0 0 0 0 .
WFP-A3 20 6 0 6 0 0 0 1 3 0 1 0 0 0 0 0 0 0 -
WFP-AC 30 0 0 5 0 0 0 1 2 0 1 0 0 0 0 0 0 0 -
WFP-RC 30 0 0 5 0 0 0 1 2 0 1 0 0 0 0 0 0 0 -
WFP-R3 20 4 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
WFP-R2 10 11 0 10 0 0 2 0 0 0 0 0 0 0 0 0 0 0 -
WFP-R1 0 0 0 12 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
MP-A1 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
MP-A2 10 1 0 17 0 0 0 6 3 0 0 0 0 0 2 0 0 0 -
MP-A3 20 1 0 4 0 0 0 6 15 0 0 0 0 2 0 0 0 0 -
MP-A4 30 1 0 3 0 0 0 8 5 0 0 0 0 1 0 0 0 0 -
MP-A5 40 6 0 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 -
MP-A6 50 0 0 2 0 0 0 6 0 0 0 0 0 0 2 0 0 0 -
MP-AC 60 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
MP-RC 50 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
MP-R5 40 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
MP-R4 30 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 -
IVIP-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
MP-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
MP-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
LN-A1 0 0 0 0 0 0 1 6 0 2 0 0 0 0 0 0 0 0 -
LN-A2 10 0 0 0 0 0 0 11 1 0 0 0 0 0 0 0 0 1 -
LN-A3 20 0 0 0 1 0 3 4 1 1 0 0 0 0 1 0 0 0 -
LN-AC 30 0 0 0 0 0 0 8 1 0 0 0 0 0 0 0 0 0 -
LN-RC 50 0 0 0 0 0 0 8 1 0 0 0 0 0 0 0 0 0 -
LN-R5 40 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
LN-R4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
LN-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
LN-R2 10 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 -
LN-R1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
NS-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-A2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-A3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-A4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-A5 40 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-AC 50 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-RC 50 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-R5 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-R4 30 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NS-R3 20 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 -
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NS-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NS-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-A2 10 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
NN-A3 20 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-A4 30 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-AC 40 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0
NN-RC 40 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0
NN-R4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NN-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A2 10 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A3 20 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A4 30 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-A5 40 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-AC 50 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-RC 50 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-R5 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-R4 30 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-R3 20 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PS-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BPE-A2 10 11 0 2 0 0 0 1 6 0 0 0 0 0 0 0 0 0
BPE-A3 20 6 0 3 0 0 0 4 10 0 0 0 0 1 0 0 0 0
BPE-A4 30 13 0 1 0 0 0 16 8 0 0 0 0 1 0 0 0 0
BPE-AC 40 20 0 0 0 0 0 4 3 0 0 0 0 0 2 0 0 1
BPE-RC 40 20 0 0 0 0 0 4 3 0 0 0 0 0 2 0 0 1
BPE-R4 30 26 0 1 0 0 0 16 2 0 1 0 0 0 0 0 0 0
BPE-R3 20 5 0 3 0 0 0 8 5 0 0 0 0 0 0 0 0 0
BPE-R2 10 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
BPE-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
QW-A1 0
QW-A2 10
QW-A3 20
QW-A4 30
QW-A5 40
QW-AC 50
AFDW
167
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
[ A P P E N D I X  M  ]
Aquatic Macroinvertebrate Data: Mesoveliidae -  Veliidae
TRAP DIST MES NAI NEP NOT OLI PHR PHY PLA PLE PYR SIA SIP STR TIP TUR VAL VEL
QW-RC 50
QW-R5 40
QW-R4 30
QW-R3 20 -
QW-R2 10
QW-R1 0
PF-A1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-A2 10 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
PF-A3 20 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-A4 30 29 0 2 0 0 0 0 3 0 0 0 0 0 0 0 0 0
PF-A5 40 24 0 10 0 0 0 0 4 0 0 0 0 0 0 0 0 0
PF-AC 50 16 0 15 0 0 0 2 1 0 0 0 0 0 0 0 0 0
PF-RC 50 16 0 15 0 0 0 2 1 0 0 0 0 0 0 0 0 0
PF-R5 40 18 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-R4 30 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-R3 20 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-R2 10 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PF-R1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W-A1 0 8 0 3 0 0 0 0 2 0 0 0 0 0 0 0 0 0
W-A2 10 17 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
W-A3 20 10 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
W-A4 30 15 0 1 0 0 0 1 3 0 0 0 0 0 0 0 0 0
W-AC 40 9 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
W-RC 40 9 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
W-R4 30 34 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W-R3 20 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W-R2 10 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W-R1 0 0 0 0 0 0 0 1 6 0 0 0 0 0 0 0 0 0
SI-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-A2 10 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
SI-A3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-A4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-A5 40 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
SI-AC 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-RC 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-R5 40 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-R4 30 0 0 0 4 0 0 1 0 0 0 0 0 0 0 0 0 0
SI-R3 20 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SI-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AFDW
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HI-A1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-A2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-A3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-A4 30 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
HI-AC 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-RC 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-R4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
HI-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-A1 0
UB-A2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-A3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-A4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-AC 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-RC 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-R4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
UB-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-A1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
SB-A2 10 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-A3 20 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-A4 30 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-A5 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-AC 50 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 -
SB-RC 50 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 -
SB-R5 40 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-R4 30 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
SB-R3 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-R2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
SB-R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
NSJ-A1 0
NSJ-A2 10
NSJ-A3 20
NSJ-A4 30
NSJ-AC 40
NSJ-RC 40
NSJ-R4 30
NSJ-R3 20
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TRAP DIST MES NAI NEP NOT OLI PHR PHY PLA PLE PYR SIA SIP STR TIP TUR VAL VEL
AFDW
MACROS
NSJ-R2 10
NSJ-R1 0
PFJ-A1 0 0 0 7 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
PFJ-A2 10 0 0 13 0 0 0 0 8 0 0 0 0 0 0 0 0 0 -
PFJ-A3 20 1 0 13 1 0 0 2 0 0 0 0 0 0 0 0 0 0 -
PFJ-A4 30 0 0 13 0 0 0 4 6 0 0 0 0 0 0 0 0 0 -
PFJ-AC 40 0 0 14 2 0 0 10 5 0 0 0 0 0 0 0 0 0 -
PFJ-RC 40 0 0 14 2 0 0 10 5 0 0 0 0 0 0 0 0 0 -
PFJ-R4 30 0 0 5 0 0 0 2 1 0 0 0 0 0 0 0 0 0 -
PFJ-R3 20 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
PFJ-R2 10 0 0 4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
PFJ-R1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
LE-A1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 -
LE-A2 10 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 -
LE-A3 20 0 0 5 0 0 0 0 3 0 0 0 0 0 0 0 0 0 -
LE-A4 30 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 -
LE-AC 40 0 0 10 0 0 0 2 4 0 0 0 0 0 0 0 0 0 -
LE-RC 40 0 0 10 0 0 0 2 4 0 0 0 0 0 0 0 0 0 -
LE-R4 30 0 0 9 0 0 0 0 3 0 0 0 0 0 0 0 0 0 -
LE-R3 20 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
LE-R2 10 0 0 4 0 0 0 0 6 0 0 0 0 0 0 0 0 0 -
LE-R1 0 0 0 1 0 0 0 0 7 0 0 0 0 0 0 0 0 0
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TRAP DIST CLOUD COVER AIR TEMP WATER SURFACE NOTES SUBSTRATE NOTES
BP-A1 0 . . open water - noveg silty sand
BP-A2 5 - - - silty sand
BP-A3 10 - - - silty sand
BP-A4 15 - - stem wrack in 1 quad silty sand
BP-R4 30 - - - tfiln layer of org/sllt on sand
BP-R3 20 - - - thin layer of org/sllt on sand
BP-R2 10 - - - thin layer of org/sllt on sand
BP-R1 0 - - open water - noveg sand
HISL-A1 0 - - - silt
HISL-A2 10 - - stem wrack in 1 quad silt
HISL-A3 20 - - stem wrack silt
HISL-AC 30 - - stem wrack silt
HISL-RC 120 - - stem wrack silt
HISL-R4 90 - - - silt
HISL-R3 60 - - floating nuphar silt
HISL-R2 30 - - - silt
HISL-R1 0 - - - silt
HT-S-A1 0 - - no veg in 1 quad sand w/ gravel
HT-S-A2 14 - - - sand w/ gravel
HT-S-AC 23 - - - sandy pebble/cobble
HT-N-AC 26 - - - sandy pebble/cobble
HT-N-A2 18 - - - sand with little gravel
HT-N-A1 0 - - no veg in 1 quad sand with some gravel
HT-E-R1 0 - - no emergent veg in 1 sandy pebble/cobble
HT-E-R2 12 - - - sandy pebble/cobble
HT-E-RC 36 - - - sandy pebble/cobble
STIG-A1 0 - - - silty sand
STIG-A2 20 - - - silty sand
STIG-A3 40 - - - silty sand
STIG-A4 60 - - stem wrack silty sand
STIG-R5 115 - - stem wrack slity sand
STIG-R4 95 - - stem wrack and filam. algae silty sand
STIG-R3 55 - - - silty sand
STIG-R2 25 - - - silty sand
STIG-R1 0 - - no vegetation in 1 quad silty sand
WP-A1 0 - - some filamentous in 1 quad silt; some fil. algae
WP-A3 20 - - filamentous filamentous on sllt/sand
WP-A4 30 - - stem wrack In 1 quad stem wrack on sllt/sand
WP-AC 40 - - - stem wrack on sllt/sand
WP-RC 60 - - - stem wrack on sllt/sand
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WP-R6 50 stem wrack on silt/sand
WP-R5 40 - - stem wrack stem wrack on silt/sand
WP-R4 30 - - filamentous algae filamentous algae
WP-R3 20 - - stem wrack in 1 quad filamentous algae
WP-R2 10 - - SAV / stem wrack SAV/f.algae/chara
WP-R1 0 - - - chara
M0S-A1 0 - - - very silty bottom
M0S-A2 10 - - Nuphar short SAV on very silty bottom
M0S-A3 20 - - Nuphar short SAV on very silty bottom
M0S-A4 30 - - Nuphar short SAV on very silty bottom
M0S-A5 40 - - Nuphar SAV on very silty bottom
MOS-AC 50 - - Nuphar SAV on very silty bottom
MOS-RC 95 - - Nuphar SAV on very silty bottom
M 0S-R6 85 - - Nuphar SAV on very silty bottom
M 0S-R5 75 - - Nuphar eelgrass on very silty bottom
M 0S-R4 65 - - Nuphar eelgrass on very silty bottom
M0S-R3 55 - - Nuphar very silty bottom
M 0S-R2 30 - - Nuphar very silty bottom
M0S-R1 0 - - Nuphar & SAV SAV on very silty bottom
BP0-A1 0 sunny 16 - some filamen on very silty sand
BP0-A2 10 sunny 16 wrack in 1 quad filamentous on very silty sand
BP0-A 3 20 sunny 16 wrack filamentous on very silty sand
BP0-A 4 30 sunny 16 wrack filamentous on very silty sand
BPO-AC 40 sunny 16 filamentous In 1 quad filamentous on very silty sand
BPO-RC 40 sunny 16 filamentous In 1 quad filamentous on very silty sand
B P0-R 4 30 sunny 16 stem wrack filamentous on very silty sand
BP0-R 3 20 sunny 16 - filamentous on very silty sand
BP0-R 2 10 sunny 16 stem wrack in 1 quad silty sand
BP0-R1 0 sunny 16 - sand
. LW-A1 0 sunny 16 - silty sand
LW-A2 10 sunny 16 wrack in Iquad wrack and chara on very silty sand
LW-A3 20 sunny 16 wrack wrack and chara on very silty sand
LW-A4 30 sunny 16 wrack wrack on very silty sand
LW-AC 40 sunny 16 wrack wrack and chara on very silty sand
LW-RC 40 sunny 16 wrack wrack and chara on very silty sand
LW-R4 30 sunny 16 wrack wrack on silty sand
LW-R3 20 sunny 16 wrack shells & chara on silty sand
LW-R2 10 sunny 16 wrack & chara on sand -
LW-R1 0 sunny 16 - -
WFP-A1 0 sunny 19 - sand
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WFP-A2 10 sunny 19 wrack wrack & filamentous on silty sand
WFP-A3 20 sunny 19 wrack wrack on silty sand
WFP-AC 30 sunny 19 wrack wrack on silty sand
WFP-RC 30 sunny 19 wrack wrack on silty sand
WFP-R3 20 sunny 19 wrack wrack & chara on silty sand
WFP-R2 10 sunny 19 wrack wrack on silty sand
WFP-R1 0 sunny 19 - chara on sand
MP-A1 0 - - - silt
MP-A2 10 - - wrack wrack on silt
MP-A3 20 - - wrack wrack on silt
MP-A4 30 - - wrack wrack on silt
MP-A5 40 - - wrack wrack on silt
MP-A6 50 - - wrack wrack on silt
MP-AC 60 - - wrack wrack on silty sand
MP-RC 50 - - wrack wrack on silty sand
MP-R5 40 - - - SAV on silty sand
MP-R4 30 - - - SAV on silty sand
MP-R3 20 - - - SAV on silty sand
MP-R2 10 - - - SAV on silty sand
MP-R1 0 - - - SAV on silty sand
LN-A1 0 hazy 24 - filamentous on silty sand
LN-A2 10 hazy 24 - filamentous on silty sand
LN-A3 20 hazy 24 - filamentous on silty sand
LN-AC 30 hazy 24 - filamentous on silty sand
LN-RC 50 hazy 24 - filamentous on silty sand
LN-R5 40 hazy 24 - filamentous on silty sand
LN-R4 30 hazy 24 - filamentous on silty sand
LN-R3 20 hazy 24 - filamen on clayey sand w/ pebbles
LN-R2 10 hazy 24 - filamen on clayey sand w/ pebbles
LN-R1 0 hazy 24 - filamen on clayey sand w/ pebbles
NS-A1 0 - - - fil & SAV on very silty sand
NS-A2 10 - - - fil & SAV on silty sand
NS-A3 20 - - - fil & SAV on silty sand
NS-A4 30 - - - fil & SAV on silty sand
NS-A5 40 - - - fil & SAV on silty sand
NS-AC 50 - - - fil & SAV on silty sand
NS-RC 50 - - - fil & SAV on silty sand
NS-R5 40 - - - fil .& SAV on silty sand
NS-R4 30 - - - fil & SAV on silty sand
NS-R3 20 - - - fil & SAV on silty sand
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NS-R2 10 filamentous on sand
NS-R1 0 - - - sand
NN-A1 0 - 24 - filamentous on sand
NN-A2 10 - 24 - filamentous on sand
NN-A3 20 - 24 - filamentous on silty sand
NN-A4 30 - 24 - filamentous on silty sand
NN-AC 40 - 24 - filamentous on silty sand
NN-RC 40 - 24 - filamentous on silty sand
NN-R4 30 - 24 - filamentous on sand
NN-R3 20 - 24 - filamentous on sand
NN-R2 10 - 24 - filamentous on sand
NN-R1 0 - 24 - fil on sand w/ pebbles
PS-A1 0 sunny - filamentous fil & SAV on silty sand
PS-A2 10 sunny - filamentous fil & SAV on silty sand
PS-A3 20 sunny - filamentous fil & SAV on silty sand
PS-A4 30 sunny - filamentous fil & SAV on silty sand
PS-A5 40 sunny - filamentous fil & SAV on silty sand
PS-AC 50 sunny - filamentous fil & SAV on silty sand
PS-RC 50 sunny - filamentous fil & SAV on silty sand
PS-R5 40 sunny - filamentous fil & SAV on silty sand
PS-R4 30 sunny - filamentous fil & SAV on silty sand
PS-R3 20 sunny - filamentous fil & SAV on silty sand
PS-R2 10 sunny - - fil & SAV on silty sand
PS-R1 0 sunny - - sand
BPE-A1 0 partly 18 - filamentous on sand
BPE-A2 10 partly 18 filamentous & wrack filamentous on sand
BPE-A3 20 partly 18 wrack fil & wrack on silty sand
BPE-A4 30 partly 18 filamentous & wrack fil & wrack on silty sand
BPE-AC 40 partly 18 wrack fil & wrack on silty sand
BPE-RC 40 partly . 18 wrack fil & wrack on silty sand
BPE-R4 30 partly 18 wrack fil & wrack on silty sand
BPE-R3 20 partly 18 wrack fil & wrack on silty sand
BPE-R2 10 partly 18 - filamentous on sand
BPE-R1 0 partly 18 - sand
QW-A1 0 part sun /drizzle - - sand
QW-A2 10 part sun /drizzle - - filamentous on silty sand
QW-A3 20 part sun /drizzle - - filamentous on silty sand
QW-A4 30 part sun /drizzle - - filamentous on silty sand
QW-A5 40 part sun /drizzle - - filamentous on silty sand
QW-AC 50 part sun /drizzle - - filamentous on silty sand
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QW-RC 50 part sun /drizzle . filamentous on silty sand
QW-R5 40 part sun /drizzle - - filamentous on silty sand
QW-R4 30 part sun /drizzle - - filamentous on silty sand
QW-R3 20 part sun /drizzle - - filamentous on silty sand
QW-R2 10 part sun /drizzle - - filamentous on silty sand
QW-R1 0 part sun /drizzle - - silty sand
PF-A1 0 sunny - - clayey sand
PF-A2 10 sunny - - filamentous on clayey sand
PF-A3 20 sunny - - filamentous on clayey sand
PF-A4 30 sunny - - filamentous on clayey sand
PF-A5 40 sunny - - filamentous on clayey sand
PF-AC 50 sunny - - filamentous on clayey sand
PF-RC 50 sunny - - filamentous on clayey sand
PF-R5 40 sunny - - filamentous on clayey sand
PF-R4 30 sunny - - filamentous on clayey sand
PF-R3 20 sunny - - filamentous on clayey sand
PF-R2 10 sunny - - fil & SAV on clayey sand
PF-R1 0 sunny - - fit & SAV on clayey sand
W-A1 0 sunny 18 - sand
W-A2 10 sunny 18 - filamentous on clayey sand
W-A3 20 sunny 18 - filamentous on clayey sand
W-A4 30 sunny 18 - filamentous on clayey sand
W-AC 40 sunny 18 filamentous filamentous on clayey sand
W-RC 40 sunny 18 filamentous filamentous on clayey sand
W-R4 30 sunny 18 - filamentous on clayey sand
W-R3 20 sunny 18 - filamentous on clayey sand
W-R2 10 sunny 18 - filamentous on clayey sand
W-R1 0 sunny 18 - filamentous on clayey sand
SI-A1 0 - - - sand
SI-A2 10 - - - wrack on sand
SI-A3 20 - - - wrack on sand
SI-A4 30 - - - wrack on sand
SI-A5 40 - - - wrack on sand
SI-AC 50 - - - wrack on silty sand
SI-RC 50 - - - wrack on silty sand
SI-R5 40 - - - wrack on silty sand
SI-R4 30 - - wrack wrack on silty sand
SI-R3 20 - - wrack wrack on silty sand
SI-R2 10 - - wrack wrack on silty sand
SI-R1 0 - - - wrack on sand/rocks
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H1-A1 0 pre-storm, then rain 21, drop to 16 wrack on sandy sllt/org
HI-A2 10 pre-storm, then rain 21, drop to 16 floating Nuphar wrack on sandy sllt/org
HI-A3 20 pre-storm, then rain 21, drop to 16 floating Nuphar wrack on sandy silt/org
HI-A4 30 pre-storm, then rain 21, drop to 16 floating Nuphar wrack/fil/SAV on sandy silt/org
HI-AC 40 pre-storm, then rain 21, drop to 16 floating Nuphar wrack/fil/SAV on sandy sllt/org
HI-RC 40 pre-storm, then rain 21, drop to 16 floating Nuphar wrack/fil/SAV on sandy sllt/org
HI-R4 30 pre-storm, then rain 21, drop to 16 floating Nuphar wrack/fil/SAV on sandy silt/org
HI-R3 20 pre-storm, then rain 21, drop to 16 - wrack/fil/SAV on sandy silt/org
HI-R2 10 pre-storm, then rain 21, drop to 16 - wrack/fil/SAV on sandy sllt/org
HI-R1 0 pre-storm, then rain 21, drop to 16 - wrack/fil/SAV on sandy sllt/org
UB-A1 0 mostly sunny 27 - moderately deep sandy silt over clay
UB-A2 10 mostly sunny 27 Potamageton moderately deep sandy silt over clay
UB-A3 20 mostly sunny 27 Potamageton moderately deep sandy silt over clay
UB-A4 30 mostly sunny 27 - moderately deep sandy slit over clay
UB-AC 40 mostly sunny 27 - moderately deep sandy silt over clay
UB-RC 40 mostly sunny 27 - moderately deep sandy silt over clay
UB-R4 30 mostly sunny 27 - moderately deep sandy silt over clay
UB-R3 20 mostly sunny 27 - deep sandy slit over clay
UB-R2 10 mostly sunny 27 Potamageton deep sandy silt over clay
UB-R1 0 mostly sunny 27 - deep sandy silt over clay
SB-A1 0 mostly sunny 27 - several inches + of organic on clay
SB-A2 10 mostly sunny 27 Potamageton several inches + of organic on clay
SB-A3 20 mostly sunny 27 - several inches + of organic on clay
SB-A4 30 mostly sunny 27 Potamageton several Inches + of organic on clay
SB-A5 40 mostly sunny 27 Potamageton several Inches + of organic on clay
SB-AC 50 mostly sunny 27 Potamageton several Inches + of organic on clay
SB-RC 50 mostly sunny 27 Potamageton several inches + of organic on clay
SB-R5 40 mostly sunny 27 Potamageton several inches + of organic on clay
SB-R4 30 mostly sunny 27 - several Inches of organic on clay
SB-R3 20 mostly sunny 27 - . several Inches of organic on clay
SB-R2 10 mostly sunny 27 - several Inches of organic on clay
SB-R1 0 mostly sunny 27 - several Inches of organic on clay
NSJ-A1 0 sunny 18 (near 14 night) - fil & SAV on very silty sand
NSJ-A2 10 sunny 18 (near 14 night) - fllimentous on very silty sand
NSJ-A3 20 sunny 18 (near 14 night) - filamentous on silty sand
NSJ-A4 30 sunny 18 (near 14 night) - filamentous on silty sand
NSJ-AC 40 sunny 18 (near 14 night) - fil & SAV on silty sand
NSJ-RC 40 sunny 18 (near 14 night) - fil & SAV on silty sand
NSJ-R4 30 sunny 18 (near 14 night) filamentous & SAV fil & SAV on silty sand
NSJ-R3 20 sunny 18 (near 14 night) - silty sand
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NSJ-R2 10 sunny 18 (near 14 night) filamentous & SAV silty sand
NSJ-R1 0 sunny 18 (near 14 night) - sand
PFJ-A1 0 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-A2 10 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-A3 20 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-A4 30 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-AC 40 sunny 21 (near 14 night) filamentous much fil on silty sand on clay
PFJ-RC 40 sunny 21 (near 14 night) filamentous much fil on silty sand on clay
PFJ-R4 30 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-R3 20 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-R2 10 sunny 21 (near 14 night) - fil on silty sand on clay
PFJ-R1 0 sunny 21 (near 14 night) - fil on some silt in sand
LE-A1 0 mostly sunny low to mid 20's - fil on silty sand on clay
LE-A2 10 mostly sunny low to mid 20's - fil on silty sand on clay
LE-A3 20 mostly sunny low to mid 20's - fil on silty sand on clay
LE-A4 30 mostly sunny low to mid 20's Nymphaea fil & SAV on silty sand on clay
LE-AC 40 mostly sunny low to mid 20's - fil & SAV on silty sand on clay
LE-RC 40 mostly sunny low to mid 20's - fil & SAV on silty sand on clay
LE-R4 30 mostly sunny low to mid 20's - fil & SAV on silty sand on clay
LE-R3 20 mostly sunny low to mid 20's - fil & SAV on silty sand on clay
LE-R2 10 mostly sunny low to mid 20's - fil & SAV on some silty sand on clay
LE-R1 0 mostly sunny low to mid 20's fil on some silt in sand on clay
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